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RESPIRATORY INCREASE AND PHOSPHORUS AND 
NITROGEN METABOLISM IN SWEET POTATO 
INFECTED WITH CERATOSTOMELLA FIMBRIATA* 


By TAKASHI AKAZAWA. anp IKUZO URITANI 


(From the Laboratory of Biochemistry, Faculty of Agriculture, 
Nagoya University, Anzyo) 


(Received for publication, April 26, 1956) 


Many intreresting metabolic changes occur in higher plant tissues 
when they are infected with pathogens. Among them an increase in 
respiratory rate is one of the most characteristic phenomena, and several 
suggestions have been put forward to explain this effect. P.J. Allen 
(J) studied it from the standpoint of phosphate metabolism and ob- 
served that in wheat infected with Erysiphe gramnis there occurred an 
increase in inorganic phosphate (P;). He inferred that the respiratory 
increase may be due to the toxins of the pathogen or the substances 
produced** in the infected host which might act as uncouplers and 
accelerate the release of P; and the accompanied regeneration of ade- 
nosine diphosphate (ADP), thus resulting in an increased level of the 
phosphate acceptor.*** From the recent studies of Lardy and Well 
man (2), Siekevitz and Potter (3) and Slater (4), it is clear that 
the tissue respiration may be regulated by the reaction ATP>ADP-+ 
Pi, and Allen’s research along these lines seems to be very meaningful. 

During studies on the mechanism of respiratory increase of sweet 
potato tissue infected with Ceratostomella fimbriata (C.f.), we reported 
that uncouplers such as ipomeamaron accumulated in the infected 
part of this plant and stimulated the respiratory rate of the sound tissue 
(5). However, we have obtained evidence that the natural uncouplers 
exert potent inhibitory action on the pathogen itself (6, 7), and may in 
fact play a part in the resisting action of the host plant. Therefore, 
we deemed it necessary to investigate the respiratory increase in relation 
to the question whether the uncoupling effect above-mentioned is 


* Part 20 of Phytopathological Chemistry of Black Rot Sweet Potato. 


** Personal communication. 
*** Allen’s interpretation was developed by A. Millerd and K. Scott recently 


(Australian F Biol. Sci., 9, 37 (1955)). 
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auxiliary in its nature, and whether there might be any other explana- 
tion for the stimulation observed. 

In an attempt to answer these questions, a series of experiments 
has been carried out in which changes in phosphorus and nitrogen 
compounds were measured together with the respiration and its re- 
sponse to 2,4-dinitrophenol (DNP). 


EXPERIMENTAL 


Sweet potato (variety, Norin No. 1) was sliced into several pieces of 2-3 mm. thick, 
and a spore suspension of C. f. was sown on the surface of these slices, which were then 
incubated at 25°, 

Uninoculated slices were served as control test for the effect of slicing under the 
same conditions. Under the present conditions, the fungus grew rapidly and, after 
about 48 hours, it spread over the surface and also penetrated into the sweet potato 
tissue; thereafter the growth declined gradually. In the present study, slices (2-3 mm. 
thick) from non-infected region (as determined microscopically) next to the infected 
(0.2-0.5 mm. thick) was taken to be assayed for various compounds concerned. 


Respiratory Experiment 
Small slices were taken from sound tissue, and the oxygen uptake was determined 
by the manometric technique. Experimental methods are shown in the legend of 
Table I. The DNP effect was determined by the respiratory increase caused by its 
addition in a final concentration of 5x 10-5 M@. DNP was most effective at this concen- 
tration both in the infected sweet potato and in the control. 
Each value represents the average of duplicate determinations. 


Fractionation 
The method of Ogur and Rosen (8), was employed with slight modifications 
as shown schematically in Diagram 1. Phosphate was determined by Nakamura’s 
method (9), and nitorogen by the micro-Kejldahl method. Ribonucleic acid 
(RNA) was estimated by absorption at 260 mu by Shimadzu quartz spectro-photo- 
meter. Protein nitrogen was analysed by Howe’s method (JO). 


RESULTS 


1. Changes in the rate of respiration after inoculation with C.f, 
and the enhancement by DNP are shown in Table I. In contrast to 
the nearly constant rate of respiration of the control with and without 
addition of DNP, the increase in respiration of the infected sweet potato 
reached a maximum at 48-72 hours, and decreased thereafter. The ap- 
propriate increase (80 per cent) caused by DNP dropped to about 30 per 
cent in the period of 48-72 hours, but recovered to the same level as 
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Diacram_ | 


Fractionation Method for Phosphorus and Nitrogen Compounds in 
the Infected Sweet Potato 


Infected sweet potato 


;—remove the infected part 


5g. of the sound tissue and 25 ml. of 2023 C,H;OH 
containing 12% HClO, 


—homogenize, 5 min. at 0° 
5 ml. of homogenate 
i= Centrifuge for 10 min. at 3000 r.p.m. 


—wash the residue with 5ml of 2024 
C,H;OH containing 12% HClO, 


—centrifuge again at 3000 r.p.m. 


Supernatant Residue 


| —extract with 5 ml. of alcohol-ether (3:1) 


ae) 


; ; —extract again with 5 ml. of alcohol 
acid acid ether (3:1) 
sol. P, sol. N 
| Residue 
Supernatant 


| —extract with 5ml. of V HClO, 
overnight at 0° 


| Phospholipide P 


—wash again 


Supernatant Residue 
ae . | 
| | : | 
RNA-P_ | Se cael 
U4 
ease | digestion | 


that of the control at the later stage (168 hours). Since the respiratory 
increase brought about by DNP is dependent on the acceleration of 
the reaction ATP>ADP-+P; in such a tissue, the values for the effect 
may indicate the speed of the above reaction in the tissues. It appears 
that the smaller DNP effect in the infected sweet potato may be caused 
by the acceleration of the reaction ATP->ADP-+P; in such tissue. 
This might occur by the promotion of breakdown of ATP and/or the 
utilization of ATP by some synthetic reaction. Indeed, from our data 
on the increase in the activity of respiratory enzymes such as cytochrome 
oxidase and polyphenol oxidase in the infected sweet potato tissue (//), 
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SARE eel 


The Respiration of Infected and Sound Sweet 
Potato and the DNP Effect 


Time after infection Ars. 0 24 48 WE 168 
Control pl. Vigo 88.0 80.5 77.6 93.7 
Control DNP wl. 138.7 156.0 143.0 149.0 178.0 
Increase % 80 Ha 78 92 90 
Infected el. 132.7 147.0 177.0 120.0 
Infected DNP ql. 208.0 186.0 232.0 231.0 
Increase % 56 26 31 o3 


Twenty slices (7mm. in diameter and 0.5mm. thick) were put into 
Warburg vessels containing 85 um of phosphate buffer (pH 5.5) and 162 
uM of sucrose in total volume of 2 ml. Gas phase, air; temp., 30°; 20 
min. equilibration; DNP was added ina final concentration of 5x 10~> M. 


it is natural to suppose that the enhancement of ATP-utilizing reactions 
such as synthesis of enzyme proteins causes a concomitant respiratory 
increase. ‘To ciarify this [point, the tissues were submitted to fractional 
analyses for several phosphorus compounds. 

2. Representative data for phosphorus compounds are shown 
in Fig. 1. While both P; and orgaic phosphate (P,) of the control re- 
mained nearly constant with time, P; in the sound part of the infected 
sweet potato decreased at the beginning, increased in the second stage, 
and dropped again, with concomitant increase in P,. A constant P; 
level in the secondary stage was observed occasionally. There was 
no significant difference between the infected sweet potato and the 
control tissue in their alcohol-ether soluble fraction containing phospho- 
lipide and in the cold HClO,-extractable fraction containing RNA 
(Table II). The P, formation in the sound tissue next to the infected 
tissue may thus indicate the activation of a phosphate cycle by. which 
the energy of ATP is utilized in some way, resulting in the increase of 
the rate of ADP generation. But the observed increase in P; at 24— 
48 hours and the minor effect of DNP on respiration may show the 
partial participation of ipomeamaron in the uncoupling effect or/and 
activation of adenosine triphosphatase (ATP-ase) which may be related 
to protoplasmic streaming and changes in permeability. 

3. From the quantitative analysis of the phosphates, it was. 
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Control 
o 


arareetat i 
300fF 1 5g Pi 
Po we ° \ 


perce 4 


200 
weace 
Acid-sol. ee 


4 


100 
Control 


24 48 T2 96 120 


fas 


Fic. 1. Phosphate compounds level in the infected sweet potato 
and the sound one. 


presumed that the anabolism of sweet potato tissue might be enhanced 
when it was infected with the pathogen. To elucidate this phenomenon 
more thoroughly, our attention was directed to the nitrogen metabolism, 
in particular, to the pattern of protein synthesis in the tissue. As shown 
in Fig. 2, the decrease in nitrogen compounds in the acid soluble fraction 
(amino acids and amides) is compensated by the concomitant increase 
in acid insoluble nitrogen compounds (proteins). The observed increase 
in proteins is one of the most typical anabolic phenomena of the infected 
plant. In Table III are shown the results of analyses for protein by 
Howe’s method which has been applied to the analysis of serum protein. 
These data are also in accord with the above results. 


DISCUSSION 


French and Beevers have suggested that the increased respira- 
tion brought about when auxins are added to plant tissue may be due 
to the activation by the hormone of a system utilizing ATP (/2). The 
DNP effect on the respiration of such an auxin-treated plant tissue is 
known to be less than that of the control (/3). It has been shown by 
Pearson and Robertson (/#) that the climacteric rise of apple in 
ripening process is due to the synthesis of respiratory enzyme proteins 
leading to the useful breakdown of ATP. However, Millerd ef al. 
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Waeia I 


Contents of Phospholipide and RNA in Infected and 
Sound Sweet Potato Tissue 


Phospholipid-P 
/— ‘Time after infection, Ars. 0 24 «48 72 96 
Fresh sweet potato 95 
Control 94 100 94 95 
Infected 99 98 90 98 


Phospholipide-P was analyzed by estimation of inorganic phosphate 
after digestion of alcohol-ether soluble fraction with HCIO,.* 


RNA-P 


Time after infection, hrs. | 0 24 48 UP 96 


Fresh sweet potato 
Control | 48.8 50.0 48.7 42.5 
Infected | 53.0 51.5 AT e4 44.6 


RNA-P was estimated by the ultraviolet absorption at 260 my of cold 
N-HCIO, extracted fraction*. 
* Expressed as y/g. fresh tissue. 


(15) explained the mechanism of climacteric rise of avocado ripening as 
the acceleration of breakdown of ATP by ATP-ase or by some uncouplers. 
Our results represent an additional example of a similar regulatory 
mechanism in plant respiration. Synthetic events in the host are ap- 
parently stimulated by the infection of pathogens, and the resulting more 
rapid turnover of ATP is thought to bring about the respiratory increase 
observed. ‘The uncoupling effect of metabolites such as ipomeamaron 
seems to be of relatively minor importance. 

There is an increasing accumulation of many metabolites in the 
sound tissue adjacent to the infected tissue in parallel with the increase 
in respiration, and most of them may be concerned in some way with 
the resistance of the sweet potato to the pathogens (/6). Besides me- 
tabolites of lower molecular weight thermolabile and non-dialyzable 
fraction having resisting action is produced in the sound part of the in- 
fected sweet potato. Possibly the resisting components may be the 
specific proteins such as the antiinflammatory factor of Menkin (J /\s 
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Ninsol. /e 


Increase 


Decrease 


Ngol. 0/6 


Fic. 2. Change of the amounts of nitrogen fraction in the in- 
fected sweet potato, 

Ngo}. in the figure is expressed as the difference of the acid-soluble 
nitrogen fraction in the control from that in the infected sweet potato, 
and Njnso}- as the difference of acid-insoluble nitrogen fraction in the 
infected sweet potato from that in the control. The values of the 
control were scarecely changed throughout the experimental stage. 


properdin system, a facter of natural immunity (/8), or certain enzymes 
which may damage the pathogen or break down the poisonous me- 
tabolites of it. As the another way in which the protein may partici- 
pate in the resistance, the following assumption is possible. ‘The pro- 
tein in the sound part adjuscent to the infected is unstable as well as 
active ; when the cells of the sound part are affected by the pathogen, 
the protein may be denatured rapidly, interact with the accumulated 
polyphenols, thus form the barrier against penetration of C.f. The 
rise in anabolic process observed in infected sweet potato is the unique 
phenomenon of infected plant tissues, and it is important to discuss this 
finding in relation to host resistance. Tomiyama et al. (19) reported 
the similar phenomenon in the white potato infected with Phytophthora 
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Taste III 


The Distribution of Nitrogen-Containing Substances in 
Infected and Sound Sweet Potato 


Infected Control 
Tissue Water 69.4 % One Ye 
Crude protein 1.04 1.06 
Juice Total 989 mg. 1046 mg. 
Na,SO, 14 g./10 ml. 742 568 
Na,SO, 18 g./10 ml. 19 Bye 
Na,SO, 22 g./10 ml. 74.5, 10.0 
Unprecipitable fraction 140.6 360.9 


Three days after the inoculation of C.f., the samples were prepared in 
the way shown in the Experimental. The amounts of crude protein in 
the samples were estimated by micro-Kjeldahl method, after H,SO, 
digestion. The samples were homogenized with equal amounts of cold 
water and centrifuged, the supernatants were fractionated by the method 
of Howe. Each fraction was estimated by micro-Kjeldah1l method, and 
the N amount was multiplied by 6.25, and expressed as the amount per 
100 g. of tissue (wet weight). 


infestans and presented an interpretation like ours. 


SUMMARY 


1. Changes in the metabolism of sweet potato tissue induced by 
infection with Ceratostomella fimbriata were studied. 

2. The respiration of sound tissue adjacent to the infected tissue 
was about twice greater as much as the control 72 hours after the fungus 
inoculation ; thereafter it dropped. Rate of the respiratory increase 
due to DNP addition was reciprocal to that of the respiratory increase 
caused by the fungus infection, and the finding was assumed to be caused 
by the acceleration of ADP generation in the tissue. 

3. In the sound tissue next to the infected, inorganic phosphate 
decreased in line with organic phosphate formation, and a concomitant 
increase of acid insoluble nitorogen conpounds (protein) occurred, a 
decrease of acid soluble nitrogen compounds (amino acids and amides) 
being also observed. ‘These facts indicate an activation of anabolism 
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in the infected sweet potato, but occasionally at one stage (72 hours) 
Pi increase was found, and the partial participation of an uncoupling 
reaction or the activation of ATP-ase is suggested. 

4. In the infected sweet potato, the levels of phospholipide and 
RNA remained unchanged. 


We wish to express our thanks to profs. Y. Sumiki and S. Funahashi, Uni- 
versity of Tokyo, for their cordial advices and helpful suggestions and also for the 
assistance of Mrs, M. Uritani, Miss Y. Hirata and Mr. M. Egawa. 

This communication was already presented before the meeting of the Agriculturel 
Chemical Society of Japan (Tokyo, December 18, 1954). 
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METABOLIC ACTIVATION OF WHITE POTATO TISSUE 
INFECTED WITH CERATOSTOMELLA FIMBRIATA* 


By TAKASHI AKAZAWA 


(From the Laboratory of Biochemistry, Faculty of Agriculture, 
Nagoya University, Anzyo) 


(Received for publication, April 26, 1956) 


Previously we reported the activation of metabolism in sweet potato 
tissue infected with Ceratostomella fimbriata (C.f.) through the observation 
of respiratory increase, soluble organic phosphate accumulation and 
protein synthesis, and suggested the fact that the mechanism of re- 
spiratory increase in infected plant might be caused mainly by the acti- 
vation of metabolism utilizing the ATP cycle in the tissue (/). The 
work was done with a variety of sweet potato, Norin No. 1. This variety, 
although fairly resistant to C.f., decays after prolonged exposure to the 
infection. To clarify the relationship between metabolic activation in 
infected plant and their resistance, it seemed appropriate to study the 
metabolic alteration of such a tissue as of the white potato which is most 
resistant to this pathogen. Consequently the metabolic activity of white 
potato infected with Cf. was analyzed by the procedures similar to those 
employed in the study of infected sweet potato. Although there is no 
full agreement, similar overall phenomena were observed. These find- 
ings lead us to believe that the activation of metabolic functions in the 
indicated tissues is a general response when the pathogen infects the 
host, and reflects the active reaction of the host to the invading organisms. 

One mutant of C. f- attacks one kind of the tropical plant, Syngoinium 
auritum (2). Although this mutant infects sweet potato only rarely, it 
attacks white potato more severely than the normal strain does and in 
white potato infected with C. f. from Syngonium auritum, respirotory in- 
crease is also observed. 

Mechanism of the resistance of white potato against Phytophtora 
infestans has been studied in relation to the cellular physiology by K. 


Tomiyama et al. (3). 


* Part 21 of Phytopathological Chemistry of Black Rot Sweet Potato. 
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EXPERIMENTAL 


White potato tissue was subjected to fungus inoculation in a manner similar to 
that described for sweet potato (/), but the growth of the fungus was not so good as 
in sweet potato tissue. About 48 hours after the inoculation the surface of white 
potato became brown, but the penetration of the fungus was very slight and was 
subsequently greatly inhibited. Experimental methods for the measurements and 
analyses were the same as those described previously, unless otherwise mentioned. (/) 


RESULTS 


1. When white potato was infected with C. f., a respiratory increase 
was observed, but the extent of this increase, as well as the degree of 
fungus penetration was not so large as compared with that observed in 
the sweet potato (Fig. 1). The respiratory increase was determined 
also in the white potato infected with C. f. from Syngonium auritum (Table 
Dy 

2. As shown in Fig. 2, inorganic phosphate (P;) decreased in the 
infected white potato, and organic phosphate (P,) simultaneously in- 
creased. ‘The changes, however, were not so large as in sweet potato. 
Furthermore, no measurable change of RNA content could be found 
(Table Il). 

3. The results of nitrogen analyses also indicate an activation of 
metabolic activity in infected white potato. Representative results of 
the analyses of acid-soluble nitrogen compounds (N,.},) and acid in- 
soluble ones (N jnsoi.) are shown in Fig. 3. In this case, the utilization 
of Ngoi. is followed by the synthesis of Ninso1, 


DISCUSSION 


The results show that sound white potato tissue adjacent to area 
infected with C.f. manifests a respiratory increase, and it is suggested 
that this is caused by the activation of an ATP-utilizing reaction. It 
should be stressed that these phenomena could be observed in the in- 
fected tissue of white potato which was most resistant to C.f., as well 
as in those of sweet potato tissue which are less resistant. It is fruitful 
to consider the relationship between the degree of respiratory increase 
due to fungus infection and the degree of penetration of the fungus. 
In the case of sweet potato infected with C.f., the respiratory amount, 
15-24 hours after the fungus inoculation was about 1.5 times greater 
than the control. After 48-72 hours, however, respiration was raised 
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pe Oz uplahe. 


150 


° 


Control 


100 


50 


° 30 60 90 120 is 

Fic. 1. Respiratory increase of white potato infected with Cerato- 
stomella fimbriata. 

Twenty slices (7 mm. in diameter and 0.5 mm. thick) were put 
into the Warburg vessels containing 85 4m of phosphate buffer (pH 
5.5) and 162 uM of sucrose in a total volume of 2ml. Gas phase, air; 
temp., 30°; 20min. equilibration. 

Sound part of 48 hrs.-infected white potato was subjected to the 


analysis. 


up to 2 times with increasing penetration. C./. from Syngonium auritum 
does not penetrate deeply into sweet potato tissue, and the concomitant 
respiratory increase is smaller. Thus the respiratory increase caused 
yb fungus penetration seems to be in parallel with the depth of pene- 
tration. However, there is an upper limit to the degree of respiratory 
increase. This limit is not exceeded even in severe fungus infection. 
Whereas C. f. penetrates the tissue of the white potato only slightly, the 
C. f. from Syngonium auritum is able to penetrate it readily and to bring 
about extensive damage. However, in both cases, the respiratory in- 
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Taste I 
Respiratory Increase of Infected Tissues 


Time Infected with Infected with 
Ceratostomella Ceratostomella 
jimbriata fimbriata 
After from sweet from Syngonium 
infection potato* auritum 
hrs. es oa 
White 24 20—40 0—10 
potato 48 20—40 20—40 
72 20—40 20—40 
Sweet 24 40—50 20—40 
potato 48 80—100 10—30 
a2 100—120 


Experimental methods were the same as those of Fig. 1. 
* Respiratory increase of infected tissue compared with that of the sound 


tissue (% increase). 


$ 
P; /g wet tissue 


Control 


200 


150 


Control 


24 48 72 96 hrs. 


Fic. 2. Change of level in the phosphate compounds of infected 


potato, 
Expressed value represents the change of phosphate compounds 


(y/g. fresh weight). 


WHITE TISSUE OF INFECTED POTATO 593 


TasLeE II 


RNA-P Content of White Potato Infected with 
Ceratostomella fimbriata 


RNA-P of white potato 


Time after inoculation (718. fresh: weight) 


; ors 24 48 72 
Control 24.4 219 24a 
Gif 25.0 Pls} May 


The RNA fraction was extracted with cold W HClO, and estimated by 
ultraviolet absorption at 260 mye. 


N insol. 


200 


100 


hrs 


2. 


100 
200 


N sol. 
300 


Fic. 3. Change of the amount of nitrogen compounds in white 


potato infected with Ceratostomella fimbriata. 
The values were expressed in the same manner as shown in Part 


20, Fig. 2. 


crease 48 hours after the inoculation reaches about 1.4—1.5 times greater 
than the initial (Table I). In my opinion, the value may be the upper 
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Tasie III 


Comparison of the Amount of Phosphorus and Nitrogen 
Compounds in Sweet Potato and White Potato 
(P or N y/g. fresh weight) 


1 Py RNA Phos- Ngol. Ninsol. 
pholipide 
Sweet 
potato 400 50 50 90 700 1200 
White 
potato 200 20-25 20 2000 1000 


limit of respiration in the white potato tissue. 

It can be seen that a decrease in P; is accompanied by P, increase, 
and the decrease in N,, is in parallel with the increase in Ninsoi, in 
white potato infected with C.f. The following difference between the 
fresh sweet potato and white potato should be noted: the former shows 
the higher content of P; and the lower content of Ns 1. As there are 
no differences in the change of nitrogen levels due to fungus penetration 
between sweet potato and white potato, it seems plausible that P; level 
is concerned with the capacity for respiratory increase (Table II). 

The metabolic activation of infected plant is a response of the host 
plant to fungus penetration. However, the activation of anabolic events 
in the infected plant may in some way be related to a defense mechanism 
of host. 


SUMMARY 


1. Metabolic changes of white potato infected with C.f. to which 
it is strongly resistant were studied by methods similar to those used in 
a previous study of sweet potato. 

2. Insound tissue next to infected t---- * white potato respiratory 
increase, P; decrease and concomitant increase in P, were observed. 
The degree of change in these factors was smaller than that observed in 
the sweet potato. But the increase in Ninsoi, (protein) compensating 
the decrease in Nj}, (amino acids and amides) reached the same level 
as in infected sweet potato. Thus the respiratory increase observed in 
white potato infected with C.f. is thought to be caused by the APT- 
utilizing reaction. 


The author wishes to express his gratitude to Dr. I. Uritani, Nagoya Uni- 
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versity, for his sincere advice, and to Dr. L. Davis, University of Calif. at Los- 
Angels, for her gift of Ceratostomella fimbriata from Syngonium auritum. 

This communication was presented before the meeting of the Biochemical Society 
of Japan (Kyoto, April 4, 1955). 
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NATURE OF PROTEIN SYNTHESIS IN SWEET POTATO 
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FIMBRIATA* 
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Studies on the Mechanism of respiratory increase in sweet potato 
infected with Ceratostomella fimbriata (C. f.) have indicated that this might 
be caused by the activation of a phosphate cycle linked to organic 
phosphate (P,) accumulation and protein synthesis (J). Since similar 
phenomena were observed in infected white potato which is resistant 
to this pathogen (2), these findings may be of value in the elucidation 
of the resistance of the host plant and the pathogenicity of the parasite. 

As already reported, respiratory enzymes such as cytochrome oxidase 
and polyphenol oxidase are activated in fungi-infected sweet potato 
(3), therefore it was thought that the protein synthesized during pene- 
tration of fungus might be composed of functional protein such as en- 
zymes. To determine the nature of the protein synthesis the crude 
homogenate from the sound part adjacent to the infected part was 
fractionated into mitochondria, microsomes, and supernatant by centrifu- 
gation. An increase in protein nitrogen was found in each fraction. 
RNA is higher in the microsomes in parallel with the decrease in RNA 
in the supernatant. Since protein synthesis might be expected to be 
linked to an ATP system, mitochondrial activity of oxidative phosphory- 
lation coupled to respiratory oxidation was also determined. 


EXPERIMENTAL 


Sweet potato (variety, Norin No. 1) was sliced into several pieces of 2-3 cm. thick, 
and a spore suspension of C. f. was distributed on the surface of these slices, which were 
then incubated at 25°. Uninoculated controls were allowed to stand at the same 
conditions to test the effect of slicing. 

Fractionation Method—The sound part adjacent to the infected part of sweet potato 


* Part 22 of Phytopathological Chemistry of Black Rot Sweet Potato. 
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was subjected to fractionation according to Schneider’s method (4). The crude 
homogenate prepared in 0.25 M sucrose solution was centrifuged at 500 x g to remove 
large particles such as nuclei, starch and cell walls. The resulting supernatant was 
again centrifuged at 8000xg for 10 minutes, and subsequently at 18000 x g for 60 
minutes, to obtain mitochondria, microsomes, and supernatant. These were denoted 
as My, Py and S,, Each of them was subjected to analysis for RNA and protein as 
described in a previous paper (1). 

Respiratory Oxidation and Oxidative Phosphorylation—The method for the preparation 
of mitochondria and the determination of oxidative phosphorylation activity were 
described in the previous paper (5). The details of the reaction are shown in each 
table. 

The Determination of Adenosine Triphosphatase (ATP-ase) and of Phosphatase Activity— 
The same enzyme preparation as in oxidative phosphorylation was utilized. The initial 
and final phosphorus contents were analyzed by the method of Nakamura (6), 
after the addition of perchloric acid to precipitate protein. 


RESULTS 


As shown in Table I, protein nitrogen was higher in the infected 
sweet potato than in the control in every fraction (My, Py and S,). 
RNA is higher in the microsomes in parallel with a decrease in the 
supernatant, the total amount remaining constant. 


TasBlLe I 


The Amount of RNA and Protein in the Cytoplasmic Fractions of Both 
the Infected Sweet Potato and Sound One 


My Py SG Total 

Cena ee 1.74 2.01 14.5 18.25 
Protein-N 66.7 47.3 309.0 423.0 

Taree ee 1.84 3.54 13.0 18.38 
Protein-N 88.0 74.5 390.0 552.5 


The estimated values were expressed as the y/g. fresh tissue. 


In order to determine the nature of functional protein synthesized, 
respiratory oxidation and oxidative phosphorylation activity of mito- 
chondria were investigated. Both activities were higher in the infected 
sweet potato than in the control (Table II). However, oxidative 
phosphorylation activity was lower in both cases than that in the mito- 
chondria of fresh sweet potato itself without slicing. This result might 
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TasBLe II 
Respiratory Oxidation and Oxidative Phosphorylation 
Time after slicing O,*  P# po Protein o xx 
hrs. ‘ ~ ; 
Fresh Sweet potato 2.0 29 1.08 ad 

48 Control 3.6 0.59 0.16 419° ; 8 6 
Infected 6.7 3.6 0.54 577 11.6 

72 | Control 277 10 0 426 euce 
Infected 7.61 312 0.42 595 12.8 


* Uptake in sjatoms/ml./hr. 

** Uptake in jatoms/mg. N. 

Reaction mixture contained 20 jem phosphate buffer (pH 7.2), 200 um of 
sucrose, 20 pm of a-Ketoglutaric acid, 100 um of glucose, 3 um of ATP, 10 
jem of MgCl, 10 uM of versene, 20 em of NaF and 1 ml. of enzyme ina total 
volume of 2.3 ml. Incubation time, 60 min. 

Incubation at 30° in Warburg vessels. The mitochonria were prepared 
according to the previous paper (/8) using 45 g. of each tissue, and finally 
they were suspended in 3 ml. of the 0.5 M sucrose solution containing 0.02 M 
phosphate buffer and 0.2 M NaF. 


depend on two factors. First there may be experimental difficulties in 
the preparation of the mitochondria. As already shown (3), the activity 
of polyphenol oxidase and the amount of polyphenol are enhanced in 
the sliced or the fungi-infected sweet potato, and during preparation 
mitochondria from such tissues are consequently exposed to a greater 
degree to the harmful effect of the resulting quinones. Indeed, we 
obtained evidence that the oxidative phosphorylation of sweet potato 
mitochondria was inhibited by the oxidation product of chlorogenic 
acid, a polyphenolic substance of sweet potato (5). Another factor may 
be an augumentation of ATP-ase activity in the sweet potato, since it 
can. be shown that the ATP-ase activity is considerably increased in both 
the sliced and infected sweet potato tissues. However, addition of 
ethylenediamine tetraacetic acid (EDTA) and NaF to suppress the break- 
down of ATP by this enzyme did not result in higher P/O ratio (Fig. 
DP Glapler IT): 


DISCUSSION 


The correlation of RNA and protein synthesis in the microsomal 
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Infected 
200 


100 


BZ 


ATP-ase Acid Alkaline 
Phosphatase phosphatase 


Fic. 1. Activities of ATP-ase and phosphatase (acid and alkaline) 
in the mitochondria of fresh cut down (Control) and infected sweet 
potato (Infected). 

Enzymes were prepared by the same method in Table II except 
the omission of EDTA and NaF from the preparative medium of mito- 
chondira, and suspended in the distilled water finally, Reaction was 
carried out 30°, for 40 min., then trichloroacetic acid was added to top 
the reaction and the split inorganic Pj was determined. 

1. Reaction mixture for ATP-ase activity determination 
was as follows: 0.1 M succinate buffer (pH 4.7) 2 ml., 0.01 44 ATP 
(Pabst. prepn.) solution 1 ml., the enzyme solution | ml. 

2. Reaction mixture for acid phosphatase activity was as 
follows: 0.1 Mf succinate buffer (pH 4.0) 2ml., 0.1 4 Na £- 
glycerophosphate solution 1 ml., the enzyme solution 1 ml. 

3. Reaction mixture for alkaline phosphatase activity was as 
follows: 0.1 M veronal buffer (pH 8.0) 2 ml., 0.1 M/ Na $-glycero- 
phosphate solution 1 ml., the enzyme solution 1 ml. 


fraction of infected sweet potato (shown by the data in Table I) agrees 
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with other studies of protein synthesis (7, 8). During protein synthesis 
in the sound part next to the infected tissue, the RNA of the supernatant 
may be transferred into the microromes and changed to the microsomal 
where it may participate in the formation of all the cellular proteins. 
Oota and Osawa obtained some indications for the transfer of RNA in 
the seedling of Vigna sesquipedalis (9). 

It should be stressed that in the sound part next to the infected part 
the activity of the enzymes bound to the mitochondria, such as the 
enzymes concerning respiratory oxidation and phosphorylation, increased 
concomitantly with the formation of mitochondria, and furthermore 
the respiratory activity per unit mitochondria weight was much higher 
than the control. This indicates a higher metabolic efficiency in the 
infected sweet potato. ‘The respiratory increase in the infected sweet 
potato may be due to the acceleration ofan ATP-utilizing reaction coupled 
to the synthesis of functional protein. The increment in metabolic ac- 
tivity due to the newly synthesized functional protein would be expected 
to lead to a more rapid rate of respiration. 

The active state of the protoplasm of the infected sweet potato is 
not only a characteristic phenomenon, but also may be, in some way, 
concerned with the resistance of the host plant to the invading fungus. 
As already noticed, there may be several components in the synthesized 
proteins, which are resistant to the pathogen. We were able to ob- 
serve that the particulate fraction in the sound part of sweet potato in- 
fected with C.f. considerably inhibited the germination of the fungus 
spore ; but it is unknoun whether or not this action plays a part in 
resistance im vivo. A similar opinion has been put forward by Walker 
et al. (10) in studies of tomato wilt. They found that the resistant tomato 
became susceptible when it was treated with DNP, KCN and other 
respiratory poisons, and suggested that the antibiotic may be a very 
labile fraction produced under coupling to the ATP-system. It would 
be of interest to elucidate the nature of the components which display 
the resistant function. As already described (1), the following assump- 
tion is possible as the another way in which the protein may participate 
in the resistance. The protein in the sound part next to the infected 
is unstable as well as active ; when the cells of the sound part are effected 
by the pathogen, the protein may be denatured rapidly and interacts 
with the accumulated polyphenols, thus forming the barrier against 
penetration of C.f. In this connection we have recently confirmed 


that the protein fraction of the sound part next to the infected part dif- 
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ferred electrophoretically from that of control. Further investigation 
are now in progress. 


SUMMARY 


1. To elucidate the nature of the anabolic processes of infected 
sweet potato, protein synthesis, and the activation of respiratory oxi- 
dation and oxidative phosphorylation were determined. 

2. In the infected sweet potato, protein increased in every cellu- 
lar fraction (microsomes, mitochondria, and supernatant). RNA was 
higher in the microsomal fraction in parallel with the decrease in super- 
natant. This protein synthesis may be carried out in the microsomes, 
which are rich in RNA. 

3. Respiratory oxidation and the oxidative phosphorylation were 
higher in the mitochondira of infected sweet potato than in those of 
the control. The activity of respiratory oxidation per unit mitochondrial 
nitrogen was also higher than in the control. 

4, ATP-ase and phosphatase activities were enhanced in the in- 
fected sweet potato and the physiological implication was discussed. 


The author wishes to express his gratitude to Dr. I. Uritani, Nagoya University, 
for his sincere advice. 

This communication was presented before the Meeting of the Agricultural Chemical 
Society of Japan (Tokyo, April 1, 1955). 
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STUDIES ON THE OXIDATIVE DECOMPOSITION OF 
UROCANIC ACID BY LIVER EXTRACT. I* 
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SUZUKI, MAKIO UCHIDA anp YUKIYA SAKAMOTO 


(From the Biochemical Department, Medical School, Osaka University, Osaka) 
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About ten years ago Kumagai (J) of this laboratory conducted 
studies on the oxygen uptake in the decomposition of histidine and 
glutamic acid by the liver extract of the guinea pig, in which histidine 
deaminase and urocanicase were contained in a ratio of 1:2. He in- 
cubated the reacting solution at 37°, pH 8.5 for 20 hours using Warburg’s 
apparatus and obtained the following data. This meant, that one 


Atom of oxygen consumed 


Substrate O,-consumption per mol. of substrate 
L-Histidine (1.26 mg.) — 66.31 wl. 0.99 atom 
L-Glutamie acid (0.876 mg.) + 2.00 0.00 


atom of oxygen was consumed per molecule for the decomposition of 
urocanic acid, because histidine was deaminated to urocanic acid without 
oxygen uptake. From this fact, it was assumed at that time, that 
urocanic acid was converted to glutamic acid through hydantoinpro- 
Ppionic acid with the consumption of one atom of oxygen. However, 
all other investigaters claimed, that the pathway of urocanic acid to 
glutamic acid was hydrolytic. Moreover Kometani of this laboratory 
proved that hydantoinpropionic acid was not converted to glutamic 
acid by liver extract. As the incubation time in Kumagai’s study 
was too long (20 hours) and the crude enzyme solution was used, the 
authors repeated his experiment with partially purified enzyme. 


* The compendium of this study were partly presented at the 20th Annual Meeting 
of Japanese Biochemists (1948) and the Medical Society of Osaka University (Feb. 


1955). 
* This study was supported by a grant for scientific research from the Ministry 


of Education. We should like to express our gratitude. 
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METERIALS AND MATHODS 


Urocanic Acid—Obtained from histidine by deamination with histidine deaminase 
of the rabbit liver; m.p. 230-231°. 

Enzyme Solution—.-Histidine monochlorhydrate was administered orally to the 
rabbit, weighing 2-3 kg, in a dosage of 0.5 g. per kg. of body weight. After 6 hours 
the animal was sacrificed by bleeding and the liver was ground with an equal amount 
of sea sand. The liver brei was extracted with 5 volumes of ice cold distilled water 
(pH 5.6) for one hour at 0-5° and centrifuged at 3000 r.p.m. for 15 minutes. The 
supernatant was adjusted to pH 5.2 with 10 per cent acetic acid and the precipitate 
was centrifuged at 4000 r.p.m. for 30 minutes. The supernatant possessed a high 
activity for decomposing urocanic acid but does not deaminate histidine. The crude 
enzyme solution was fractionated with (NH,4),SO, at pH 5.6 (optimal pH) and the 
fraction of 30-50 per cent (see Table II) was dissolved in minimal water (salted-out 
enzyme), The enzyme was adsorbed with 4 per cent volume of the solution of Cag,- 
(PO,).-gel at 0-5° for 30 minutes and centrifuged at 3000 r.p.m. for 10 minutes. The 
precipitate was washed until the wash water no longer gave a positive Nessler’s 
and Pauly’s reactions, and was then eluated with a volume of 1/15 M phosphate 
buffer (pH 8.4) equal to used for the adsorbtion and after 5-10 hours the solution was 
centrifuged at 3500 r.p.m. for 15 minutes. The supernatant was used as the purified 
enzyme (eluated enzyme). 

Estimation of Urocanic Acid—Urocanic acid was estimated after Sera’s method 
(2). The reacting solution was deproteinized with trichloroacetic acid and to 1-2 
ml. of the filtrate was added 2 ml. of diazo reagent. After one minute, 3 ml. of 4 per 
cent NaOH was added and the total volume was made up to 8 ml. with water and 
mixed well. After keeping at 50° for 30 minutes, the yellow color was measured using 
Pulfrich’s photometer with filter Sy. 

Estimation of Oxygen-Uptake—This was carried out using Warburg’s manometer 
as described later. 


RESULTS 


Activity of each Enzyme Fraction Fractionated with (NH4)2SO,—The 
highest activity was indicated in the fraction of 30-50 per cent saturation 
(Table I). 

Oxygen-Uptake in the Decomposition of Urocanic Acid—The experiments 
were carried out under the conditions shown in the Table II and 
oxygen-uptake was demonstrated in some cases, as shown in the Table 
III, but not in all cases. 

After the content of the side chamber was poured into the main 
compartment, the reacting solution was incubated at 37° for 120 minutes. 

As glutamic acid and formic acid indicated no O,-uptake (Table 


Enzyme Activity of Each Fraction Fractionated with (NH4).S0, 
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TABLE 


I 


I 


. Amo 
Fraction sy deed enna Rate of decomposition 
% 7 
0- 30 30 6 
30- 50 500 100 
50— 70 155 31 
70-100 40 8 


Conditions: 1.0 ml. of enzyme solution, 500 7 of the substrate (dissolved 
in 0,5 ml. of distilled water), 0.3 ml. of 1 M phosphate buffer (pH 6.2) and 
1.2 ml. of distilled water were well mixed (pH 6.2) and incubated at 37° 
for 2 hours. 


TABLE 


II 


Composition in Each Vessel 


A 


B 


Cc 


0.3 ml. of 1M 


phosphate buffer 


(pH 6.2) 


Main 


1.0 ml. of enzyme 


solution 


1.2 ml, of water 


” 


” 


” 


Side 


3 um Urocanic 
acid 


3um glutamic 
acid 


3 um sudium 
formate 


Distilled 


water 


Distilled 
water 


Center 


0.2ml. of 50% KOH ” 


IV), the oxygen consumed in these experiments was used for the de- 
composition of urocanic acid. 

Effect of Ethylendiamine Tetraacetate (EDTA)—As shown in Table IV, 
O,-uptake was constantly observed with addition of EDTA and it was 
highest at 10-2! of EDTA. As EDTA was more effective on the al- 
kaline side than on the acid, all the following experiments were carried 
out at pH 8 and 10°M of EDTA. 

Experiments with the Enzyme Solution Treated with Norit—Norit was 
added to the liver extract in concentration of 1/10 the total volume and 
the pH was adjusted to 4.9 with 10 per cent acetic acid and after the 
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Tasie III 
Oxygen-Uptake in the Decomposition of Urocanic Acid 


ae i naa! ae No. of cases 
Substrate (Vessel) = ae 


A. Urocanic acid ({1m) was com- 35,9 | 356 | 30.9 | 37.9 | 399 | 979 . 
pletely decomposed 


Atom of oxygen taken up per mol. 1.05| 1.06] 0.92] 1.13] 098] 0.81 
of substrate 
B. -Glutamic acid (3 ye) 0.00| 0.00! 0.00 0.00) 0.00} 0.00 
C. Sodium formate (3 pe) 0.00; 0.00! 0.00) 0.00} 0.00| 0.00 
D. Enzyme alone 0.00, 0.00 0.00 0.00) 0.00) 0.00 
TasLe IV 


Oxygen-Uptake of the Urocanic Acid Decomposition on 
Addition of EDTA 


O,-Uptake with each enzyme preparation 
Cincentaiion Salted-out Dialyzed Eluated 
f ED 
si Oe Oxygen atom Oxygen atom Oxygen atom 
O, per mol. O, per mol. O, per mol. 
urocanic acid urocanic acid urocanic acid 
M tel. atom al. atom pl. atom 
0 0 0 0 0 0 0 
10-4 0 0 2OsD 0.70 Sees 0.99 
1073 4.6 0.14 53:9 1.02 a2 1.26 
10-2 15.4 0.46 21.8 0.65 51.4 1.59 


Urocanic acid: 3 ym, 37.5°, pH 8.0, reaction time 3 hours. Urocanic 
acid was completely decomposed. 


solution was kept at 0-5° for 25 minutes, it was centrifuged at 10000 
r.p.m. and 4° for 10 minutes. The supernatant was treated as de- 
scribed above. (Table V) 

Experiment with the Rabbit Administered Aminopterine—Tabor et al. 
(3) isolated formamidinoglutaric acid from the urine of the folic acid 
deficient rat. The following data were obtained in the aminopterine 
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TABLE V 


Urocanic Acid Decomposition by Oxygen-Uptake of the Enzyme Solution 
Treated with Norit, Isoelectric Precipitation and (NH4).SOq 


| O,-Uptake 
pH | EDTA No. 1 No. 2 No. 3 No. 4 
A B A B A B A B 
| M | fel. atom fel. atom\— ul. atom eye atom 
6.1 0) 37.6 ene 29.8 0.89 33.5 1.00 
10-2 STZ Pel 29.9 0.89 
6.6 0 29.1 0.87 
Tal 0) 18.7 0.56 
UO |i 35400) 1.04 
7.6 0 25:3 0.75 
8.0 0) 36.1 1.07 37.2 HIG! 17.9 0.53 29.2 0.87 
10-2 SyaiT Ways 68.4 2.04 66.7 1.99 59.3 1.76 


Note: A, O,-uptake in; B, oxygen atom consumed per mole of urocanic 
acid. Urocanic acid was completely decomposed. 
Condition: 3m of urocanic acid, reaction time 2-3 hours. 


TasBLe VI 


Oxygen-Uptake of the Urocanic Acid Decomposition by the Enzyme 
Preparation Treated with Norit 


Treatment of enzyme Addition Oxygen atom consumed 
preparation of EDTA O;-Uptake per mol. of urocanic acid 
- M el. atom 

Supernatant of norit and 0 0.0 0.00 
isoelectric precipitation 10-2 35.2 1.05 
Fraction of 30-50% of 0 37.2 iL 
(NH,).SO, 10-2 68.4 2.04 
Elution of Ca-phosphate- 0 19.1 0.57 
gel adsorption NO 64,5 1.02 


Note: Urocanic acid was completely decomposed. _ Conditions were same 
as Table V. 


administered rabbit. Rabbits weighing 1.8 kg. were given 0.5 mg. 
of aninopterine daily by intraperitoneal injection. After 40 days the 
animals was sacrificed and the liver was treated as described. 
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TasLeE VII 


Oxygen-Uptake of the Urocanic Acid Decomposition by the Liver 
Enzyme of Aminopterine Ijnected Rabbit 


Addition 


: t ed per 
Enzyme preparation| or ppra O,-Uptake Onecare 


mol. of urocanic acid 


M pl. atom 
Salted out — 16.2 0.48 
37.5 if 
Eluted = AWp5: 0.61 
39.0 1.16 


Note: Urocanic acid was completely decomposed. 
Condition: Urocanic acid 3 y., final concentration of EDTA 2x 
10-3 M, temperature 37.5, time 2 hours. 


DISCUSSION 


Many reports have been published on the conversion of urocanic 
to glutamic acid and all suggest the hydrolytical pathway of degradation. 
As histidine is deaminated to urocanic acid without O,-uptake (/), no 
oxygen is consumed in the entire route from histidine to glutamic acid. 

It was proven in this laboratory about 10 years ago (J), that oxygen 
was consumed in the degradation of urocanic acid by the liver extract. 
However, the O,-uptake was not constant; sometimes one atom of 
oxygen, sometimes much less and sometimes no oxygen was shown to 
be consumed. We have been frequently criticized by other investigetors, 
that in the decomposition of urocanic acid, oxygen was never con- 
sumed. 

EDTA, Norit or aminopterine were used in the experiments as 
described above and better results than in the earlier studies were 
obtained. Much better results were obtained using Pseudomonas aeru- 
ginosa, as will be shown in following papers. 


SUMMARY 


1. Urocanic acid is decomposed by enzyme, prepared from the 
rabbit liver, under O,-uptake. This fact became clear by the addition 
of EDTA to the enzyme solution. 

2. When the liver extract was treated with Norit, the partially 


purified enzyme solution decomposed urocanic acid oxidatively without 
EDTA. 
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3. The liver extract of rabbit, administered 0.5 mg. aminopterine 


daily by injection for 40 days, decomposed urocanic acid oxidatively 
without EDTA. 
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YUKIYA SAKAMOTO ann KATASHI ICHIHARA 


(From the Biochemical Department, Medical School, Osaka University, Osaka) 
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In the previous paper (J) it was confirmed that urocanic acid was 
decomposed by the liver enzyme of rabbit when EDTA was added to 
the reacting solution with the consumption of 1-2 atoms of oxygen per 
molecule of the substrate. The following experiments were carried 
out with Pseudomonas aeruginosa. 


MATERIALS AND METHODS 


Enzyme preparation of Pseudomonas aeruginosa—The strain was cultured in neutral 
bouillon, to which t-histidine chlorhydrate was added in a concentration of 4 per 
cent, under shaking at 37° for 18 hours. The cells were collected by ultracentrifuge 
(Sharpless) and washed with 0.9 per cent saline solution until the wash solution no 
longer gave a positive diazo reaction. The cellbrei was suspended in minimal distilled 
water and ten times the volume of ice cold acetone was added and the solution filtered 
through a Buchner’s funnel. The cell mass was dried in vacuum at low temperature. 
The cell powder was ground with two times the weight of quartz sand and extracted 
with M/15 phosphate buffer (25 ml. to 1.0 g. cell) at 0-5° for one hour and centrifuged 
at 4000 r.p.m. for 30 minutes. The supernatant was treated in the same manner as 
the procedure for enzyme preparation, described in the previous papers: isoelectric 
precipitation, salting out at 30-50 per cent saturation of (NH4),SO,, adsorption with 
Ca;(PO,)2-gel and elution. The eluate was dialyzed against distilled water through 
collodion membrane at 0-5° for 18 hours. 

Determinations of Histidine, Urocanic Acid and Glutamic Acid—These were determined 
according to Sera’s (2), Sera’s (3) and Robert’s (4) methods, respectively. 


* The compendium of this study were partly announced at the Symposium of En- 
zyme Chemistry (1951) and the Medical Society of Osaka University (Feb. 1955). 

* This study was supported by a grant for scientific research from the Ministry 
of Education. We should like to express our gratitude. 
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Measurement of O,-Uptake—O, was measured using Warburg’s manometer, 

Qualitative Analysis of Metals—The metals present in trace were proven after Kik- 
kawa and Ogita’s method (5) by means of paperchromatography after ashing the 
sample. 

Contents of the Warburg’s VesselL—Unless otherwise specified, each chamber contained 
the following: 

Main compartment: 0.3 ml. of 1 M phosphate buffer (pH 8.0), 1.0 ml. of enzyme 
solution and addenda. The total volume was made up to 3.0 ml. by addition 
of distilled water. 

side chamber: Urocanic acid (3-6 tm) was dissolved in 0.5 ml. of distilled water. 

Second side chamber: 0.1 ml. of 25 per cent H,SO,. This was used only for 
the measurement of CQ,. 

Center well: 0.1 ml. of 50 per cent KOH. 

The reaction was carried out at pH 8.0, 37.5° for 2-3 hours. 


RESULTS 


Experiments with Acetone-Dried Cells—As shown in Table I, the fresh 
acetone-dried cell decomposed urocanic acid without O,-uptake or 
with minimal uptake but when the cell powder was kept in the refrigera- 
tor for about two weeks, it decomposed urocanic acid under uptake of 
about one atom of oxygen. By the addition of EDTA, the O,-uptake 
increased to two atom per molecule of urocanic acid. 


TABLE I 
Oxygen-Uptake for the Decomposition of Urocanic Acid (Cell Powder) 


“ae ee Oxygen atom consum- 
oe anes EDTA | O,-Uptake Urocamic acid ed per mole urocanic 
cell decomposed . 
acid 
Fresh - 0.0 el. 100 % 0.00 atom 
~~ lal 96 0.65 
Stored - 27.6 100 0.82 
+ 64.9 95 2.00 


Fresh designates cells taken soon after drying with acetone, stored de- 
signates cells, kept in the refrigerator for two weeks. 20mg. of cell was 
suspended in 1.0 ml. of M/15 EDTA was added in final conct. of 10-3 M. 


When the O,-uptake came to a standstill, glutamic acid was no 
longer formed (Table II). 


Experiments with Cell Extract—The most effective final concentration 
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Taste II 
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Relationship between Oxygen-Uptake and Glutamic Acid Formation 
by the Stored Cell Powder 


: Oxygen at ; : 
After O,-Uptake : Urocanic Sascinee se Glutamic 
was still O;-Uptake acid mole eo acid 
decomposed acid c formed 
J a (wl. aan % atom M 
Soon 27.6 100 0.82 O27 
1 hour 30:3 100 1.02 0.33 
We ap 28.6 100 0.85 0.26 


As glutamic acid and formic acid did not show O,-uptake with the acetone- 
dried powder, the oxygen consumed must have been used for the decom- 
position of urocanic acid. ‘The slight formation of glutamic acid suggested 
that urocanicase was not completely lost in this preparation. 


of EDTA for the O,-uptake and urocanic acid decomposition was 10-3 
M. (Table IIT) 


Taare III 
Optimal Concentration of EDTA (Extract) 


Final concentra- Urocanic acid Oxygen atom used per 
tion of EDTA O,-Uptake decomposed ee of uroc. aa 
M pel. % atom 
None 37.0 100 0.6 
2x 1073 130.4 100 2.0 
1073 134.1 100 2.0 
1074 LONE 100 eS 
10-5 64.7 100 1.0 
10-6 52.8 100 0.8 


As shown in Table IV, O,-uptake still continued even after urocanic 
acid was decomposed 100 per cent and after 2-3 hours the maximum 
was reached. (Table II). This fact is very interesting, because it means 
that the nonoxidative decomposition of urocanic acid precedes the oxi- 
dative or the oxidation takes place by step. 

As in the case of the acetone-dried cell, the extract prepared from 
fresh dried-cell decomposed urocanic acid under much less oxygen uptake 
than that prepared from stored cell. By the addition of EDTA, however, 
both extracts decomposed urocanic acid with consumption of about two 
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i AB TEIN, 


Relationship between the Oxygen-Uptake and the Decomposition 
of Urocanic Acid. (Extract) 


Reacting time | O-Upake | Pecompusitionof | Organ atm, ed, pt 
min. ul. % atom 
20 21.0 78 0.8 
40 44.2 100 Weo2 
60 520 100 1.56 
90 64.3 100 1.94 


EDTA 10527 


atom of oxygen per molecule of the substrate. On the contrary, the 
formation of glutamic acid was much greater without addition of EDTA, 
especially in the case of the fresh cells (Table V). 


ADAG WW 


Oxygen-Uptake and Glutamic Acid Formation by the Extracts Prepared 
from Fresh Dried and Stored Cells 


Decomposition | Oxygen atom used : : 
eG EDTA |O,-Uptake} of glutamic per mole of mae aie 
acid urocanic acid 

7 gel. % atom a M 
Fresh = 9 100 0.3 1.0 
Dried cell ae DONS 100 1.8 0.2 
Stored — 34.3 100 1.0 0.4 
cell + 67.1 100 2.0 0.2 


Of the metal ions tested, only Cu ion inhibited the effect of EDTA 
(Table VI). 

Experiments with Salted-out Enzyme Solution—As shown in Table VII, 
glutamic acid was not formed by the salted-out enzyme solution, either 
with or without the addition of EDTA. Among the compounds tested, 
oxine, ««’-dipyridyl and EDTA increased the O,-uptake and Ag+ and 
Hg* inhibited the decomposition of urocanic acid completely. 

Experiments with the Eluted and Dialyzed Enzyme Solutions—While O,- 
uptake was increased to about two atoms by the addition of EDTA 
with the salted-out enzyme solution, it was maintained at about one 
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TABLE VI 
Inhibition of Metal Ions 
; Metal ion Decomposition of| Oxyge 6 i 3 
EDTA a posi fe) xygen atom used per 
added O,-Uptake urocanic acid mole of urocanic acid 
= pel. % atom - 
None None 40.6 96 0.6 
None 121.4 96 1.8 
Co 79.8 94 eZ. 
Mn 139.2 88 Dal 
; Mg 130.7 98 1.9 
Sees Cd 104.6 98 1.6 
2 Zn 126.5 98 1.9 
Fe 112.0 96 lo 
Cu 46.2 74 0.7 
Ca 102.0 93 USS 


6 pom of urocanic acid; 2x 107% M of metal ion in finalconc.; Reaction 
time 150 minutes. 


TasBLe VII 


Influence of Various Compounds on the Decomposition of Urocanic 
Acid Oxygen-Uptake by the Salied-out Enzyme Preparation 


: Oxygen atom ‘ 2 
Addition O,-Uptake pee of consumed per | pee 
uroc. aci niale uroceacial koe ormed 
ul. % atom mole 

None 26.2 100 0.8 0 
EDTA 59.8 95 1.9 0) 
Oxine 33.6 71 1.4 

a,a’-Dipyridyl 67.2 97 Dall 
NaN, 34.3 98 1.0 

NayS.Oz 12.8 98 0.4 

CH, JCOOH 33.6 99 1.0 

NaF 26.2 99 0.8 

Ag SO, 0.0 0) 0.0 

HegCl, 0.0 0 0.0 

Formate 2e2 100 0.6 

Semicarbazide 16.6 100 0.5 

Malonic acid aed, 100 0.7 

Arsenic acid 22. 100 0.7 

Fumaric acid 21.0 100 0.6 

Benzoic acid 2301 100 0.7 

NH,Cl 235 100 0.7 

Hydroxylamine 0.0 54 0.0 

NaCN 33.8 100 1.0 

Sulfamine 28.1 98 0.9 

PCMB 3307) 98 1.0 


3 pm of urocanic acid; 1073 M of each addition in final cocn.; Reaction 
time 90 minutes; PCMB /-Chloromercuric benzoate. 
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atom even by the addition of EDTA with the eluted and dialyzed 
enzyme solutions (Table VIII). 

When cell extract was newly added to the reacting solution, after 
the O,-uptake by the dialyzed enzyme had come to a standstill, one 
more atom of oxygen was found to be consumed either with or without 
the addition of EDTA (Table IX). Glutamic acid was not formed 
in this case. 


Taste VIII 
Oxygen-Uptake by the Purified Enzyme 


Enzyme i: Decomposition | Oxygen atom consumed 

preparation EDTA | O; Uptake of uroc. acid per mole uroc. acid 

ca jell | % atom 
Eluted ~ 46.0 100 lesi7/ 

== 23.4 100 : 
Dialyzed = 32.1 100 0.96 

“F 28.8 100 0.86 

TasLte IX 


O,-Uptake by the Alternative Addition of the Dialyzed and 
Extracted Enzyme Preparation 


O,-Uptake Oxygen 
os O,-Uptake by by the Decomposi- | atom con- | Glutamic 
yme : : : 
Se nce the dialyzed newly tion of sumed per acid 
enzyme added uroc. acid | mole uroc. | formed 
extract acid. 
pel. an pel. % atom mole 
Dialyzed 36.4 80 1.37 
Dialyzed 
-+extract 40.0 122 83 1.88 0 
Dialyzed + ext- 
ract+EDTA 35.6 24.3 88 2.00 0 


Urocanic acid: 3 em. Reaction time: 200 min. 


DISCUSSION 


It became clear from experiments with Pseudomanas aeruginosa, that 
the discrepancies in the results, which had perplexed us up to now, 
was a result of the disregard of the freshness of the enzyme preparation. 
When the acetone-dried cell was used soon after preparation of the 
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cell powder, O,-uptake was not shown, but after the powder was kept 
in the refrigerator for two weeks, about one atom of oxygen was con- 
sumed per molecule of urocanic acid (Table I). The same results were 
also found in the case of the cell extracts which were obtained from 
the fresh and store powders (Table V). Without EDTA, one atom 
of oxygen was consumed and with addition, O,-uptake was increased 
to two atoms per molecule of urocanic acid. 

Marked formation of glutamic acid was noted only in the cases of 
low O,-uptake (Table V) and after the oxygen consumption came to 
a standstill, the glutamic acid was no longer formed (Table II). On 
the contrary, even in with 100 per cent disappearance of urocanic acid, 
O,-uptake gradually increased with time and approximated two atoms 
per molecule of the substrate (Table IV). Glutamic acid was formed 
by the cell powder and the cell extract but not by the salted-out (Table 
VII), the eluted or the dialyzed enzyme preparation (Table VIII). 
When cell extract was newly added, after the dialyzed enzyme had 
acted on the substrate sufficiently, further O,-uptake was shown and 
irrespective of the presence of EDTA, almost two atoms of oxygen were 
consumed per molecule of urocanic acid. It is needless to state that 
glutamic acid oxidase, formic acid oxidase and catalase were shown to 
be absent in our enzyme preparation. 

The facts suggest that: the oxidative pathway of urocanic acid is 
different from the pathway to glutamic acid and the enzyme for the 
latter can be removed by salting-out with (NH,).SO,, or more completely 
by treatment with Ca-phosphate gel. One of the two atoms of oxygen 
consumed for the decomposition of urocanic acid is affected by EDTA 
etc. (Table VII) and this metal catcher sensitive part can be removed 
by dialysation of the eluted enzyme solution. 

Recently, succinic monoureide and succinic acid were isolated as the 
oxidative decomposition product of urocanic acid in the precence of 
EDTA to the extract of Pseudomonas aeruginosa (6). 


SUMMARY 


1. When the acetone-dried powder of Pseudomonas aeruginosa was 
kept for a long time in the refrigerator, the pathway from urocanic 
acid to glutamic acid was lost and the oxidative pathway appeared. 
In the latter, one atom of oxygen was consumed and by the addition of 
EDTA one further atom was taken up. 

2. Enzyme for the oxidative decomposition of urocanic acid was 
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partially purified from Pseudomonas. The purified enzyme did not 
form glutamic acid but decomposed urocanic acid under uptake of 
one atom of oxygen either with or without addition of EDTA. This 
indicated, that the substance sensitive to EDTA, was removed by the 
procedure of enzyme preparation. 

3. Oxine and «,«’-dipyridyl were proven to be as effective as 
EDTA but Agt and Hg* inhibited the decomposition of urocanic acid 
completely. Hydroxylamine was an exception and 54 per cent of the 
urocanic acid was decomposed by it without O,-uptake. 

4, Among the metal ions, only Cut inhibited the effect of EDTA. 
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7-HYDROXYINDOLE DERIVATIVES AND THE ACID 
DIAZO-REACTION 


By KATASHI ICHIHARA anp YUKIYA SAKAMOTO 
(From the Biochemical Department, Medical School Osaka University, Osaka) 
(Received for publication, April 28, 1956) 


Three types of diazo-reactions were applied in our biochemical 
studies ; namely Pauly’s, Ehrlich’s and Sera’s diazo-reaction. The 
Pauly’s diazoreaction, in which the solution was coloured red by Nao- 
COs, was used to detect phenol and imidazol derivatives. In Ehr- 
lich’s diazo-reaction the foam of the solution became red by addition of 
NH,OH and the so-called urochromogen was proved. Recently 
Makino (J, 2) reported, that the Ehrlich’s diazo-positive substances 
in the urine of tuberculous patients were 3-hydroxykynurenine and 
xanthurenic acid. In the Sera’s diazo-reaction (3) 4 per cent NaOH 
was used for alkalization and the solution was coloured yellow. Sera 
devised a method of colorimetric estimation of urocanic acid, based on 
this reaction. Furthermore he observed, that in the degradation of 
urocanic acid by the liver extract, a substance was formed, which gave 
a red colour in his diazo-reaction. In spite of his long effort, this sub- 
stance has not yet been isolated, though 4-oxoimidazole compound was 
assumed by Japanese authors, who studied the degradation of urocanic 
acid. Hydantoinpropionic acid did not give this reaction. 

About 26 years ago Ichihara and Yoshida (4) administered 
scatolylhydantoin (tryptophanehydantoin) orally to the rabbit and found 
that the urine gave a red diazo-reaction without addition of alkali. As 
sulfanilic acid is dissolved in 3.3 per cent of HCl, the authors wish to 
designate this type of diazo-reaction as the acid diazo-reaction. As 
the acid diazo-reaction was given only by 7-hydroxyindole derivatives, 
as shown in the following table, the substance in the urine of the scatolyl- 
hydantoin administered rabbit must be a 7-hydroxytryptophan deriva- 
tive. The biological oxidation at the 5-position of tryptophan derivatives 
was confirmed by the bufotoxius and serotonine and the oxidation at the 
7-position was demonstrated in this experiment. The chemical oxidation 
of tryptophan at the 5- and 7-positions has been already shown by 
Dalgliesh (5), using EDTA, Fe# and vitamin C. The solution thus 
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obtained was also found to give the acid diazo-reaction. 


MATERIALS AND RESULTS 


ee Ehrlich’s 
Acid oe aldehyde FeCl, 
Daves reaction 

5-Hydroxyindole ethylamine (seroto- 

nine) + reddish brown 
5-Hydroxytryptophane — + brown 
8-Hydroxyquinoline (oxine) -_ _ green 
4,8-Dihydroxyquinoline-«-carbonic 

acid (xanthurenic acid) — _ blue 
7-Hydroxyindole* + + reddish violet 
7-Hydroxyindole acetic acid + + green 
Chromatographic spot of the urine of 

rabbit, administered scatolyhydantoin — + green 
Solution of tryptophan oxidized by 

Dalgliesh’s method a | i 


* 7-Hydroxyindole gave a red colour with HNO,, but this reaction 
differered from the acid diazo-reaction. The acid diazo-reaction was also 
positive, when diazobenzolonium sulfonic acid, made free from HNO,, 
was used. 


3-Hydroxyanthranilic acid, 3-hydroxykynurenine, kynurenic acid, 
pyrrole-«-hydroxytryptophan were negative. The urine of rabbit, 
administrated pyrrole-«-methylscatolyl hydantoin, did not give this 
reaction. The extract of the bufo skin gave positive spot. 

Paperchromatographv—The urine of the rabbit, administered 0.5 gm. 
of scatolylhydantoin, was extracted 5 times with equal volumes of 
ethylacetate and the ethylacetate was evaporated off on the water bath 
to give a syrup. The syrup was extracted with minimal amount of 
absolute alcohol and the alcohol extract was used for the paperchromato- 
graphy. ‘The developing solution was a mixture of n-butanol, acetic 
acid and distilled water (4:1:5). A spot was revealed at Rf 0.59 by 
spraying the diazo-reagent, Ehrlich’s aldehyde reagent and FeCl,. 
This results indicate that the benzene ring of the indole nucleus was 
oxidized and the pyrrole moiety remained intact. 


7-Hydroxyindole, 5-hydroxytryptophan and 7-hydroxyindole acetic acid were 
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supplied by Dr. O. Hayaishi, Dr. Y. Takagi and Prof. T. Sakan respectively. 
We should like to express our hearty thanks. 
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SOME PROPERTIES OF A BACTERIAL GLUCOKINASE* 
By RYO SATO, SHIGEKI TAKEMORI** anp MITUO EBATA 


(From the Department of Chemistry, Faculty of Science, 
Kanazawa University, Kanazawa) 


(Received for publication, May 7, 1956) 


Metabolic attack in most organisms on hexoses appears to be com- 
menced by phosphokinase reactions in which the terminal phosphate 
radical of adenosine triphosphate (ATP) is transferred to the free sugar 
molecules. Crystalline yeast hexokinase, one of the best characterized 
enzymes of this class, catalyses the phosphorylation of glucose, fructose 
and mannose (2, 3) as well as of p-glucosamine (#) to form the corre- 
sponding 6-phosphates. A hexokinase closely resembling the yeast 
enzyme has also been reported to occur in brain (5). In the case of 
muscle and liver, on the other hand, it has been shown that glucose and 
fructose are phosphorylated by different enzymes which could be obtained 
separately in different protein fractions (6). The specificity of the gluco- 
kinase has not yet been examined and it has not been difinitely shown 
that the product is glucose-6-phosphate. The fructokinase of liver has 
been partially purified (7, &) and the product shown to be fructose-1- 
phosphate (6, 9). 

Studies on the corresponding systems in bacteria have also produced 
evidence that different kinases are responsible for the phosphorylation of 
glucose and fructose. Klein and Doudoroff (/0) have described 
a glucokinase of Pseudomonas putrefaciens which is inactive to fructose. 
Cardini (//) separated glucokinase of Escherichia coli from fructokinase, 
but found it still active to mannose. Glucokinase of Staphylococcus 
aureus, on. the other hand, had no activity towards either fructose or 
mannose (//). In all these studies on bacterial enzymes, however, only 
a little effort has been made to characterize their properties in detail. 

The purpose of this paper is to describe some fundamental pro- 
perties of a specific glucokinase which has been found in a Bacillus species 


* This paper was read at the 9th Annual Meeting of the Chemical Society of 
Japan, Kyoto, April 2, 1956 (7). 

** Present address: Department of Biology, Faculty of Science, Osaka Uni- 
versity. 
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designated as strain W-2. This organism is the same with what we 
employed in a study (/2, 13) on an adaptive enzyme capable of phos- 
phorylating sedoheptulose. 


EXPERIMENTAL 


Materials and Methods 


Unless otherwise stated, strain W-2 was grown at 35° for 20-22 hours on an agar 
medium containing 0.1 per cent glucose. The composition of the medium was as 
follows: peptone, 10 g.; meat extract, 10 g.; NaCl, 3 g.; glucose (autoclaved separate- 
ly), 1g.; agar, 25g.; distilled water, 1,000 ml.; pH adjusted to 7.0-7.2. Cell-free 
extracts containing glucokinase were prepared and partially purified from the cells by 
exactly the same method as employed in the extraction of the sedoheptulose kinase from 
the heptose-adapted cells of the same organism (/3). The enzyme preparation thus 
obtained usually contained 0.3-0.6 mg. of Kjeldahl nitrogen per ml. 

The glucokinase activity was followed by determining the decrease in acid-labile 
phosphate (hydrolysable in 7 minutes in 1 NV HCl at 100°) as described for the sedo- 
heptulose enzyme (/3). Control experiments without sugars were also run at the same 
time. In experiments in which the washed cells were used the disappearance of free 
glucose was followed as a measure of glucokinase activity; an 1 ml.-portion of the 
deproteinized (trichloracetic acid) reaction mixture was treated with 0.2 ml. of 25 
per cent barium acetate solution, neutralized to pH 8.0 with KOH, and diluted to 
10 ml. with 95 per cent ethanol. The precipitate of barium salts were then removed 
by centrifugation, and the glucose content of the supernatant was estimated colorimet- 
rically using dinitrosalicylic acid reagent (/4). 

Sugars other than sedoheptulose used in the present study were all commercial 
products of high purity which were further purified by recrystallization. Their purities 
were checked by paper chromatography using several solvent systems and detecting 
reagents. ‘The preparation of sedoheptulose was the same with that described pre- 
viously (/3). Sodium salt of ATP having a purity of 89 per cent was used. 


RESULTS 


Effect of Glucose Concentrations in Media on Glucokinase Production—In 
order to search for an optimal condition for the production of gluvokinase, 
strain W-2 was grown on agar media prepared as described under 
“Materials and Methods” except that glucose concentrations were 
varied from nil to 0.6 per cent. After cultivation for 20 hours, the cells 
were harvested, washed twice with 0.8 per cent NaCl solution and once 
with distilled water, and finally suspended in distilled water. The 
activity of each batch of the washed cells to utilize glucose was then 
examined by determining the disappearance of the free sugar. The re- 
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sults which are illustrated in Fig. | indicated that those cells which were 
derived from cultures grown on 0.1 per cent glucose had a maximal 
activity. Above this concentration glucose exhibited an unfavorable 
effect on the enzyme production. In contrast to sedoheptulose-metabo- 
lizing system of the same bacterium (/2), the production of glucokinase 
was appreciably high even if no glucose was added to the medium. 
This enzyme could, therefore, be classified into the so-called “ con- 
stitutive ’? enzymes. 
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Fic. 1. Effect of glucose concentrations in media on glucokinase 


production. 

Cells grown on media containing glucose at concentrations indi- 
cated were collected separately, washed, and suspended in distilled 
water. Each reaction mixture contained: | ml. of washed cell sus- 
pension (dry weight, 20-30mg.), I ml. of 0.1 M glucose, 1 ml. of 
0.01 M MgCl, and 1 ml. of 0.1 M phosphate buffer (pH 7.0). The 
mixtures were shaken in cotton-plugged bottle at 35° for 90 minutes. 
The results were expressed as amounts of glucose consumed by 5 mg. 


(dry weight) of cells. 


Glucokinase Activity of Cell-free Preparation—Cell-free preparations 
obtained from the cells grown on 0.1 per cent glucose were then ex- 
amined for glucokinase activity. When such a preparation was in- 
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cubated with glucose and ATP in the presence of Mgt a remarkable 
decrease in acid-labile phosphate was observed (Fig. 2), a fact clearly 
demonstrating the phosphorylation of the sugar. Little reaction, how- 
ever, took place in the absence of glucose. The possibility that the 
decrease in acid-labile phosphate in the complete system was due to the 
more hydrolysis of ATP was, therefore, excluded. Neither ATPase 
nor apyrase seems to be actively functioning in the system under the 


conditions employed. 
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Fic. 2. Glucokinase activity of cell-free preparation. 
Complete system (O) contained 2x 1073 M glucose, 2x 1073 M@ 
ATP, 1x 107? M MeCl,, 2 x 1072 citrate buffer of pH 6.9, and enzyme 
preparation containing 0.6mg. N in a final volume of 5ml. The 
composition of the control system (@) was the same except that glucose 
was omitted. Reaction was carried out in a open test tube. Tempera- 
ture was 35°. 


Effect of pH—The effect of pH on glucokinase activity was studied 
using citrate (pH 6—7.3) and veronal (pH 7.4-9.5) buffers. As is shown 
in Fig. 3, the activity was observed in a rather wide range of pH values. 
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Fic) 3s Bifiect of pH: 

Experimental conditions were the same as in Fig. 2, except that 
veronal (®) or citrate (O) buffer of the indicated pH values was used 
at a final concentration of 2107-2 M. Reaction period, 90 minutes. 
Enzyme concentration, 0.5 mg. N per tube. 


A striking feature of the pH-curve was, however, the fact that it showed 
two maxima at about pH 6.9 and 8.4 ; the latter maximum being broader 
and somewhat lower. 

Metal Requirements—The enzyme activity has absolute requirements 
for metal cofactors. Table I shows that no activity was detected in 
the preparation without added metal ions. Among the metals tested, 
Mgt and Mn* were effective activators as in the case of most other 
phosphokinases. As will be seen from Fig. 4, Mgt and Mn* exhibited 
maximal! activations at concentrations of 1x10? M and 8.3x10° AY, 
respectively, when 2x10? M of ATP was used. The ratio of the 
optimal concentration of metal to ATP concentration used was 5 for 
Meg* and 4.2 for Mn+. Mgt was about two times more effective as acti- 
vator than Mn++ when compared at their respective optimal concen- 
trations (Table I). 
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TasLe I 
Efficiencies of Metals as Glucokinase Activators 


Concentration Glucokinase activity 
Metal (M) (Relative value) 
; %e 
Met 1051052 100 
Mn+ 8:3. x 1073 54 
Nil — 0 


Figures were taken from Fig. 4. The experiment without added metal 
ion was carried out under the same conditions except that metal ion was 
withdrawn from reaction mixture. 
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Fic. 4. Effects of Mgtt (A) and Mnt (B) concentrations. 

Experimental conditions were the same as in Fig. 2, except that 
Mgt or Mnt concentration was varied as indicated. Reaction period, 
90 minutes. Enzyme concentration, 0.6 mg. N per tube. 


Inhibition—In Table II are summarized the effects of several in- 
hibitors. The inhibitions observed in this system are of almost the 
same magnitude with those found with sedoheptulose phosphokinase 
of the same organism (/3) except that azide causes considerably less 
effect on the glucose enzyme. The inhibitions caused by CuSO,, HgCl,, 
iodoacetate, and particularly by p-chloromercuribenzoate suggested that 
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‘Taste II 
Inhibitions of Glucokinase 
Inhibitor ee Per cent inhibition 
CuSO, 1x10 90 
” 1x 1073 62 
HgCl, 1x 1072 100 
” 1x 10-3 95 
Todoacetate 1x 10-2 94 
” 2x 1073 71 
-Chloromercuribenzoate 1x 107-4 97 
” One 95 
NaN, 1x 1072 25 
” 1x 1073 19 
NaF 2x 1073 14 
” Ix 10-3 0 


Experimental conditions were the same as in Fig. 2, except that inhibitors 
were added to reaction mixtures at concentrations indicated. Reaction 
period, 90 minutes. Enzyme concentration, 0.3 to 0.6 mg. N per tube. 


the enzyme is a thiol enzyme. ‘This is also in accord with the view that 
the dependence for activity on thiol groups is a general property of all 
phosphokinases (/5). In common with a number of phosphokinases 
(13, 16), this enzyme was also found to be inhibited by alloxan as is 
shown in Fig. 5. This inhibition could be reversed by cysteine in a 
concentration equal to that of alloxan. 

Specificity—Table III is a summary of the data obtained on the 
specificity of the enzyme preparation. While glucose was rapidly 
phosphorylated in this system, fructose was completely inactive. It 
was for this reason that we preferred to designate the enzyme as gluco- 
kinase rather than to call it hexokinase. Among the other sugars ex- 
amined, mannose, galactose and L-arabinose also responded to a small 
but definite extent. The rate of mannose phosphorylation was one 
tenth of that of glucose phosphorylation. Galactose and L-arabinose 
reacted at the rates of 8 and 15 per cent, respectively, of that for glucose. 
In addition to fructose, D-glucosamine, D-ribose, D-xylose and sedoheptu- 
lose were completely inactive. 
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Fic. 5. Inhibition by alloxan and its reversal by cysteine. 

In the inhibition experiments (@) alloxan was added at concen- 
trations indicated. The reversal of inhibitions (O) was carried out in 
the presence of both alloxan and cysteine at equimolar concentrations 
indicated. ‘The other conditions were the same as in Fig. 2. Reaction 
period, 90 minutes. Enzyme concentration, 0.4mg. N per tube. 


DISCUSSION 


The results described in this paper indicate that the cell-free prepar- 
ations obtained from strain W-2 contain a glucokinase but are devoid 
of fructokinase activity. This provides additional evidence for the 
general tendency that different enzymes are concerned in bacterial 
phosphorylation of glucose and fructose. 

Among glucokinases of bacterial origin hitherto reported, E. coli 
enzyme (/J) seems to be similar to the present one in that the both 
systems phosphorylate mannose as well as glucose. The affinity of the 
present enzyme towards mannose is, however, considerably low. This 
enzyme differs from glucokinase of $. aureus (JJ) which has no activity 
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Slanted tit 
Substrate Specificity of Glucokinase 
Substrate Relative activity 
Glucose 100 
Fructose 0 
Mannose 10 


p-Glucosamine 


Galactose 

t-Arabinose 15 
D-Ribose 0 
p-Xylose 

Sedoheptulose 


Experimental conditions were the same as in Fig. 2, except that various 
substrates indicated were added in place of glucose at final concentrations 
of 2x 103 M. Reaction period, 90 minutes. Enzyme concentration, 0.4 
mg. N per tube. 


towards mannose. It is also different from P. putrefaciens enzyme (10, 
17), since the latter has a marked affinity towards p-glucosamine which 
is inert in this system. It is, however, not easy to establish the identity 
of these enzymes at the present stage of knowledge, since none of them 
has been sufficiently purified to permit such discussions. It is probable 
that the activity of these systems towards different sugars may be ac- 
counted for by the presence of more than two different enzymes. 

The two peaks observed in the pH-activity curve (Fig. 3) may require 
some comments. It is, of course, possible that such a pH-curve is 
caused by the presence of two different glucokinases of different pH- 
sensitivity. Since our preparation is still rather crude, we have at 
present no arguments against this possiblity. It is, however, interesting 
to note that such double-peaked pH-curves have also been obtained with 
other phosphokinase systems such as sedoheptulose kinase of the same 
organism (/3), sedoheptulose-utilizing system of spinach leaves (8), 
phosphohexokinase from peas (/9) and hexokinase from wheat germs 
(20). The pH-curves of these enzymes, except for that of wheat germ 
hexokinase, are apparently similar to each other in that they possess, 
in common, higher and sharper maxima at their acid side. According- 
ly, it may also be a possiblity that the existence of two pH optima is 
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a general property of a certain class of phosphokinases. The mechanism 
underlying this unusual phenomenon is, however, to be clarified. 

No attempts have yet been made to isolate and identify the product 
of glucose phosphorylation. It does not appear likely, however, that 
the product is glucose-1-phosphate, since the phosphate radical of this 
ester is hydrolysable in 7 minutes in 1 W HCl at 100° (2/) and, hence, 
the formation of glucose-1-phosphate would not cause any decrease in 
acid-labile phosphate. 


SUMMARY 


1. A Bacillus species, strain W-2, possesses a glucokinase as a 
‘* constitutive ”? enzyme, which can be extracted from cells by grinding 
with glass powder. 

2. Cell-free preparations prepared and partially purified from 
the organism phosphorylate glucose with the aid of ATP, but are com- 
pletely inactive towards fructose. Mannose, galactose and L-arabinose 
are also phosphorylated by the preparations at rates of 10, 8 and 15 
per cent, respectively, of that for glucose, whereas D-glucosamine, D- 
ribose, D-xylose and sedoheptulose are all inactive. 

3. The pH-activity curve of this enzyme has two maxima at pH 

6.9 and 8.4. 

4. The activity of this enzyme depends on the presence of either 
Me* or Mn+. Mgt is twice more effective as activator than Mn* as 
compared at their respective optimal concentrations. 

5. The enzyme is strongly inhibited by Cu*, Hg*, iodoactate and 
p-chloromercuribenzoate. Alloxan is also inhibitory to the enzyme. 
The inhibition caused by alloxan can be reversed by cysteine. 


REFERENCES 


1) Sato, R., Ebata, M., and Takemori, S., Abstracts of the 9th Annual Meeting 
of the Chemical Society of Japan, 1956. p. 182 (in Japanese) 

2) Kunitz, M., and MacDonald, M., 7. Gen. Phyiol., 29, 393 (1946) 

(3) Slein, M. W., Cori, G. T., and Cori, C. F., 7. Biol. Chem., 186, 763 (1950) 

#) Brown, D.H., Biochem. Biophys. Acta, 7, 487 (1951) 

5) Harpur, R.P., and Quastel, J. H., Nature, 164, 693 (1949) 

6) Cori, G. T., Ochoa, S. Slein, M. W., and Cori, C. F., Biochem. Biophys. Acta, 
7, 304 (1951) 

(7) Slein, M. W., Cori, G. T., and Cori, C.F., 7. Biol. Chem., 186, 763 (1950) 

8) Leuthardt, F., and Testa, E., Helv. Chim. Acta, 33, 1919 (1950) 


BACTERIAL GLUCOKINASE 633 


Leuthardt, F., and Testa, E., Helv. Chem. Acta, 34, 931 (1951) 

Klein, H. P., and Doudoroff, M. 7. Bact., 59, 739 (1950) 

Cardini, C. E., Enzymologia, 14, 362 (1951) 

Sato, R., Ebata, M., and Kojima T., 7. Biochem., 41, 307 (1954) 

Ebata, M., Sato, R., and Bak, T., 7. Biochem., 42, 715 (1955) 

Sumner, J. B., 7. Biol. Chem., 65 393 (1925) 

Dixon, M., and Webb, E. C., Brit. Med. Bull., 9, 110 (1953) 

Griffiths, M., Arch. Biochem., 29, 451 (1949) 

Klein, H. P., 7. Bact., 66, 650 (1953) 

Ebata, M., Morita, J., and Sato, R., J. Jap. Biochem. Soc., 28, 4 (1956) (in 
Japanese) 

Axelrod, B., Saltman, P., Bandurski, R. S., and Baker, R. S., 7. Biol. Chem., 
197, 89 (1952) 

Saltman, P., 7. Biol. Chem., 200, 145 (1953) 

Umbreit, W. W., Burris, R. H., and Stanffer, J. F., ““ Manometric techniques 
and tissue metabolism,”’ Revised ed., Burgess Pub. Co., p. 199, Minneapolis, 


(1949) 


The Journal of Biochemistry, Vol. 43, No. 5, 1956 


SIMPLIFIED LUMIFLAVIN METHOD FOR THE MICRO- 
DETERMINATION OF FLAVIN COMPOUNDS IN 
ANIMAL TISSUES 


By KUNIO YAGI 


(From the Department of Biochemistry, School of Medicine, 
Nagoya University, Nagoya) 


(Received for publication, May 9, 1956) 


For the micro-determination of flavin compounds in animal tissues, 
Bessey et al. (1) had already reported a method suitable for the separa- 
tive determination of flavin compounds. In determination of the total 
quantity of flavin compounds by this method, however, it requirs 24 
hours for the hydrolysis of flavin-adenine dinucleotide (FAD) to flavin 
mononucleotide (FMN) by trichloroacetic acid. 

To estimate the total quantity of flavin compound in short time, the 
lumiflavin fluorescence method is more convenient, for this method gives 
the result in 1 or 2 hours. When the respective quantities of flavin com- 
pounds are to be determined, the ratio of each other obtained from the 
warm-water extract (2) by using filter paper chromatography (3) or paper 
electrophoresis (4), or by separating each other by ion-exchange resins 
(5) can be adopted. 

Accordingly, the lumiflavin fluorescence method, if simple and 
exact, is considered to be excellent one for the micro-determination of 
flavin compounds. ‘Though the lumiflavin method is not quantitative 
for the flavin solution of relatively high concentration (6), it was proved 
to be practiced quantitatively in dilute flavin solutions extracted from 
bacteria (7). 

Using a micro-photofluorometer, the micro-determination pro- 
cedure was examined in detail. The results and the standard procedure 
are described in this paper. 


MATERIALS AND APPARATUS 


Flavins—Free riboflavin (FR) and FMN were furnished from Hoffman-La Roche 
Co. FMN was purified by electrophoresis on a thick filter paper to remove a small 
amount of FR and other derivatives (5). 

FAD was the powder extracted from Eremothecium Ashbyii (8). The purity of 
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it was over 85 per cent, and it contained neither nucleic acid nor other flavin com- 
pounds. 

Glass-stoppered Centrifuge Tube—For the irradiation of these flavins to convert to 
lumiflavin, glass-stoppered centrifuge tubes, as shown in Fig. 1, were used. Using these 
tubes, the procedures following irradiation can be conducted without changing tubes. 

Micro-photofluorometer—To estimate the fluorescence of lumiflavin, a micro-photo- 
fluorometer designed by Yagi and Arakawa (9, J0) was employed. Using this 
apparatus, instructions of meter were parallel with the concentrations of lumiflavin 
in chloroform solution within the range of 1.0 10~-4—2.5 7/ml. (J0). 


2S EXPERIMENTAL 
Condition of Photodecomposition 


As the photodecomposition of flavins to 
lumiflavin is the chief procedure of the method, 
the conditions were examined in detail. 

Light Source and Irradiation Time—It was 
already demonstrated that visual light of shorter 
wave length than 530 my, other than ultra- 
violet ray, is also effective for the photodecom- 
position of flavins (//), and that fluorescent 
lamp (Mazda FL 20 D) is more excellent than 
phcedeomecuden vaed ordinary tungsten lamp or high pressure mer- 
AR ee ea extraction cury lamp as a practical light source for the 


reotfocrefaretporeeperee| 


Fic. 1. — Glass-stop- 
pered centrifuge tube for 


procedure. photodecomposition of flavins (/2). So, an 
apparatus shown in Fig. 2, was used for the 
photodecomposition. 


To know suitable time for iradiation by this apparatus, the follow- 
ing experiments were carried out. Each 2.0 ml. of the aqueous so- 
lution of 0.5 7/ml. (1.33 x10 mol./ml.) of riboflavin or equimolar con- 
centration of FMN or FAD was mixed with equal volumes of aqueous 
WV NaO8,, irradiated for varying periods, acidified with 0.2 ml. of acetic 
acid, and then lumiflavin produced from flavins was extracted with 
6.9 ml. of chloroform. The intensity of the florescence of chloroform 
layer was measured by the micro-photofluorometer, and the results are 
shown in Fig. 3. It can be seen that the suitable time of irradiation 
under these conditions lies in 30-60 minutes. 

Temperature of Solution—Each 2.0 ml. of the above-mentioned aque- 
ous flavin solution was mixed with equal volume of VW NaOH, irradiated 
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Fic. 2. Apparatus for irradiation to convert flavins to lumi- 
flavin. 
1, Mirror; 2, Fluorescent lamp (Mazda FL 20D); 3, Glass- 
stoppered centifuge tube without stoppers; 4, Holder for centrifuge 
tubes. 
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Fic. 3. Rate of lumiflavin obtained in each time of irradiation. 
O—O, FR; @—®@, FMN; x—~x, FAD. 


for 30 minutes at different temperatures of the solution. The results 
are shown in Fig. 4, which indicates that 20° is the most suitable tempera- 
ture for each flavin solutions, and that within 10-30° the rate of lumi- 
flavin production is almost same in three flavin derivatives. 

pH of Solution—Each 2.0 ml. of the above-mentioned aqueous flavin 
solution of was mixed with equal volume of 4/10 glycine-NaOH buffer. 
In each tube, final concentration of glycine was adjusted to M/20, and 
pHs values of the solutions were graduated from 7 to 14. After irradiating 
at 20° for 30 minutes, lumiflavin produced was extracted with chloroform 
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Fic. 4. Effect of temperature on the rate of lumiflavin obtained. 
O—O, FR; @—®, FMN; x—~x, FAD. 


and the intensity of the fluorescence of it was measured. As shown in 
Fig. 5, it indicates that pH of the solution must be strongly alkaline 
above pH 13 to obtain the same rate of lumiflavin production in each 
of the three flavins. 


INTENSITY OF FLLORESCENCE 


7) <Q» Se aOR hw cee 
P4 OF SOLUTION 


Fic. 5. Effect of pH on the rate of lumiflavin obtained. 
O—O, FR; @—®, FMN; x—x, FAD. 
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Relation between Flavin Quantity and Fluorometer Reading 


In the Case of Flavin Aqueous Solution—Two ml. of he above-mentioned 
aqueous flavin solution was mixed with equal volume of NV NaOH, ir- 
radiated under the best condition obtained from the above experiments, 
and was extracted three times with each 5 ml. of chloroform. The 
chloroform layers were combined and the intensity of fluorescence was 
estimated. By comparing with the intensity of fluorescence of standard 
lumiflavin in chloroform solution, the production of lumiflavin was 
calculated as 95 per cent. 

As a practical method to estimate flavin quantity, a single chloroform 
extraction for once will be sufficient to evalute the initial flavin quantity, 
unless the volumes of the irradiated solution and chloroform layer are 
not changed in each tube. Using this procedure, the relation between 
flavin quantity and fluorometer reading was examined by the following 
experiments. Each 2.0 ml. of graduated concentration of flavin aqueous 
solution was mixed with equal volume of W NaOH, irradiated for 30 
minutes at 20°, acidified with-acetic acid, and then lumiflavin was 
extracted with 6.0 ml. of chloroform. ‘The intensity of the fluorescence 
of chloroform layer was estimated. The results are shown in Fig. 6. 
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Fic. 6. Relation between initial quantity of flavin and the in- 
tensity of fluorescence of chloroform layer. 

The quantities of FMN and FAD were calculated as FR. The re- 
sults with FR, FMN and FAD were agreed on the same points of the 
figure. 
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From the results, it is considered that intensity of fluorescence exactly 
shows the initial quantity of flavin. 

In the Case of Flavins in Animal Tissues—The warm-water extract 
(2) of the liver of hen (0.5 g./20 ml.) was used as a sample. Each 
graduated volume of the solution was made up to 2.0 ml. with water and 
operated in the same way as described above. 

As shown in Fig. 7, fluorometer reading exactly shows the quantity 
taken. Using the extract of the kidney or the intestine, the same re- 
sults were obtained. 
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Fic. 7. Relation between the volume of the liver extract taken and 
the intensity of the fluorescence of chloroform layer. 


Addition Test 


Each 0.5 ml. of water extract of hen liver (0.1 g./20 ml.) was put 
into centrifuge tube. To these tubes, aqueous FR solutions were added 
and made up to 2.0 ml. so as to contain graduated quantity of flavins. 
These tubes were operated in the same way as described above, and the 
results are shown in Fig. 8. From the results, it is clear that fluorometer 
reading exactly shows the flavin quantity added. 


Standard Procedure 


As a method for extracting flavins from animal tissues, ‘‘ warm- 
water-extraction ’ method (2) was found to be the most convenient one. 
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Fic. 8. Relation between the quantity of added FR and the 
intensity of the fluorescence of chloroform layer. 


So, after the preparation of the extract by this method, the extract is 
treated by the procedure examined in the above-mentioned experiments. 
A standard procedure is given as follows: 

Extraction with warm water—Tissue is excised fresh from animals, 
immediately weighed (a g.), and cut into small pieces. (in ordinary cases, 
0.1-1.0 g. of tissue is used). A few ml. of water warmed at 80° are 
added, and warmed at 80° for 3-5 minutes. After grinding it in a glass- 
homogenizer, the homogenate is transferred into graduated tube, diluted 
with water up to 6 ml., and warmed at 80° for 15 minutes. After it 
is cooled at room temperature, the total volume of the extract is made 
up to 5 ml. exactly with water, stirred, centrifuged, and the supernatant 
is used as test solution. 

Photodecomposition—One ml. of the test solution, 1.0 ml. of water, 
and 2.0 ml. of aqueous V NaOH are placed together in a glass-stoppered 
centrifuge tube A. At the same time, 1.0 ml. of the test solution, 1.0 
ml. of 0.1 y/ml. of FR aqueous solution, and 2.0 ml. of aqueous W NaOH 
are placed together in the tube B. (The quantity of FR added must 
be changed so as to be similar quantity with that of test solution. It 
will be determined by preliminary experiment.) 

Then, tubes A and B are set in the light irradiation apparatus for 


30-60 minutes at 10-30°. 
Extraction with Chloroform—To the above two tubes, each 0.2 ml. 
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of glacial acetic acid and 6.0 ml. of water-saturated chloroform are 
added, respectively. After they are cooled with cold water, shaken 
for about 30 seconds, centrifuged, and each 5.0 ml. of chloroform layer 
of A and B are transferred into cuvettes A’ and B’, respectively. 

On the other hand, 1.0 ml. of test solution, 1.0 ml. of water, 0.2 
ml. of glacial acetic acid, and 2.0 ml. of NW NaOH are mixed together 
in the tube C, and extracted with 6.0 ml. of chloroform in the same 
manner. Five ml. of chloroform layer are put into cuverte C’. 

Estimation of Fluorescence—The dark electric current of micro-photo- 
fluorometer is regulated at 0. After cuvette B’ is set in the light path, 
shutter is opened, and then the slit of micro-photofluorometer is opened 
gradually until the compass needle notices near 100. The reading is 
noted as f;, then A’ and C” are estimated under the same condition, and 
the reading are noted as f, and fs respectively. 

Calculation—The difference of /2—f; corresponds to the flavin 
content of the test solution, and f;—/f, to that of FR added. 

So, the quantity of flavins calculated as FR in animal tissue, in 
the case of 0.1 7 of FR was added, is 
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Example of Measurement 


Using the above-mentioned standard procedure of this method, 
flavin contents of several animal tissues were estimated, and the results 
are shown in Table I. 
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Amount of Flavin in Animal Tissues 


Liver oe White rat Brain an 
Kidney 33a | Muscle 3.0 
. Heart 188 || Liver 31.2 
Baier piomacs 66 Kitmey 30.5 
Intestine 5.1 Rabbit Heart 18.0 
Spleen 5.0 Spleen 6.3 
Testicle Sheil Lung Sol 


The values are calculated as free riboflavin on the basis of wet tissue 
weight. 
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DISCUSSION 


For the determination of flavins in living tissues, the fluorometric 
method is suitable, because flavin content of living body is generally 
small. ‘To estimate the fluorescence of flavin separately from similar 
fluorescent substances in living body, the procedure of converting flavins 
to lumiflavin is of excellent one. In animal tissues, the fluorescent sub- 
stances soluble in chloroform is in neglisible amount. So, the pro- 
cedure described above is reliable to determine flavins in tissues. 

If a sample contains a certain amount of fluorescent substances 
soluble in chloroform, these substances can be removed by extracting 
with chloroform before photodecomposition. 

When similar samples are determined repeatedly, the procedure 
can be more simplified by using standard curve of addition test. 

By the above mentioned standard procedure, several samples can 
be estimated in 2 hours. 

Further, when separative determination of flavin nucleotides is 
required, the procedure using filter paper chromatography (3), or 
filter paper electrophoresis (5) can be used satisfactorily by combining 
with this method, and also the ion-exchange separation (4) will be 
applicable. 


SUMMARY 


To estimate flavin compounds in animal tissues by lumiflavin fluo- 
rescence method, the conditions of photodecomposition of flavins to 
lumiflavin were examined in detail using dilute flavin solutions. The 
best condition for photodecomposition was 30-60 minutes irradiation 
by fluorescent lamp at 10-30° of solution temperature and solution pH 
higher than 13. Under these conditions, the amount of lumiflavin pro- 
duced exactly showed the original flavin quantity. 

A standard procedure is as follows: Warm-water extract of tissue 
is mixed with equal volume of NM NaOH, irradiated under the above 
conditions, extracted once with chloroform and intensity of fluorescence 
of chloroform layer is estimated. At the same time, the addition test 
is made by the same way, and amount of flavin is calculated. 

By this procedure, flavin quantities of several samples will be esti- 
mated simply within 2 hours. 


The author wishes to thank Mr. Jun Okuda for his valuable technical assistance 
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HEXOKINASES OF RABBIT TESTIS 
By IKURO AKAEDA 


(From the Department of Biochemistry, Okayama University 
Medical School, Okayama) 


(Received for publication, May 16, 1956) 


Hexokinases which phosphorylate carbon 1 in the presence of 
ATP and Mg* have been described for fructose and galactose. How- 
ever, no enzyme of this type has been reported for glucose. Recently, 
hexokinases of rabbit testis were investigated in the normal and diabetic 
states, and it was found that rabbit testis appeared to have C-1-gluco- 
kinase which was inhibited in the diabetic state induced by alloxan. 
Testis fructokinase which phosphorylates carbon 6 was not affected in 
the diabetic state. 


METHODS 


Diabetic rabbits were provided by intravenons injection of alloxan (200 mg. per 
kg. body weight). 

0.8 ml. of 33 per cent isotonic KCl homogenates of testis from normal or alloxan 
diabetic rabbits were mixed with 0.2 ml. of 0.056 Mf (1 per cent) glucose or fructose, 
0.2 ml. of 0.38 44 NaHCOs,, 0.2 ml. of 0.06 M@ ATP, 0.2 ml. of 0.8 44 MgCl, and 
0.2 ml. of 0.5 M NaF. The mixture was adjusted to pH 7, and the final volume was 
made up to 2.0 ml. 

One of the two tubes of the above mixture was analysed at once without incubation 
for the amount of free glucose or fructose and acid labile phosphate. Another tube 
was incubated for twenty minutes at 37° in a constant temperature bath. Nitrogen 
was used as a gas phase. Before incubation, all the operations were carried out at 
O°. Both mixtures, before and after incubation, were deproteinized by addition of 
10 ml. of perchloric acid and neutralized with 5 VN KOH. The neutral solutions were 
filled up to 20 ml. with distilled water, and filtered. 2 ml. of the filtrate was fixed 
with each of 4ml. of ZnSO, and Ba(OH),. 2 ml. of Zn-Ba filtrate were analysed 
for free glucose by Nelson’s method (/) and for fructose by Roe’s method (2). For 
the determination of acid labile phosphate, 3 ml. of the filtrate from the neutralized 
solution was mixed with 0.3 ml. of 11 NV HCl and the mixture was heated for seven 
minutes at 100° in a boiling water bath. After cooling, one ml. of the mixture was 
used for the color development (3). Optical densities were measured by a photoelectric 


colorimeter (Shimazu Ltd.). 
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RESULTS 
Testis Glucokinase from Normal and Diabetic Rabbits 


The data is shown in Table I. In the normal rabbits, there was 
a marked difference between initial and final glucose, ¢.g. glucose was 
phosphorylated. However, there was no difference between initial 
and final acid labile phosphate. These facts indicate that phosphate 
ester of glucose thus produced is glucose-l-phosphate. Experiments 
were repeated four times. 

Testis glucokinase was inhibited in the diabetic state as shown in 
the: Table 1: 


TasLe I 
Glucokinase from Normal and Diabetic Rabbits 


Experiment Glucose ((tm) Acid labile phosphate («m) 
ae Bes Initial | Final Esterified || Initial | Final | Decreased 
1 Mees hil a 18.9 18.5 0.4 
_ 2 11.6 6.3 eee) 18.1 17e9 0.2 
Normal 
3 14.1 8.3 5.8 13.4 134 0.0 
4 15.0 6.5 8.5 Ibileg 12.0 -0.3 
Diabetic 11.6 10.8 0.8 19.0 19.2 | —0.2 
2 11.0 | 10.5 0.5 Wie Wess | 0.0 


Testis Fructokinase from Normal and Diabetic Rabbits 


The data is shown in Table IJ. In the normal testis, fructose 
was used and the acid labile phosphate was decreased after incubation. 
This fact indicates that phosphate ester of fructose produced is fructose- 
6-phosphate. In the diabetic state, the fructokinase was not inhibited. 


DISCUSSION 


In most of the animal tissues so far tested glucose was phosphoryl- 
ated at carbon 6 (4, 5). In these experiments, fluoride was used to 
inhibit phosphatase hydrolyzing phosphate ester produced. Fluoride 
is also known to inhibit phosphoglucomutase which transforms 95 per 
cent of glucose-l-phosphate into glucose-6-phosphate. This fluoride 
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Taste II 


Fructokinase from Normal and Diabetic Rabbits 


\ Experiment Fructose (1m) Acid labile phosphate (1m) 
- — Ne Initial | Final Esterified Initial | Final | Decreased 
Noval 11.0 8.9 r Dal ; 18.3 < ae | ; 
2 WBE CEs oy 10.9 7.6 | he. 
Diabetic 11.8 8.8 3.0 10.1 68 | Be) 


inhibition of phosphoglucomutase is, however, a special case and is 
dependent on the concentration of three ions, magnesium, fluoride and 
glucose-1-phosphate. Hence, there remains a possibility to find C-1- 
glucokinase in some tissues by using arsenate as an inhibitor (6). Al- 
though arsenate was not used in this experiment, it seems to be quite 
probable that rabbit testis contains C-1-glucokinase. <A definite proof 
of glucose-l-phosphate produced is now going on. Sugar metabolism 
of testis may have a different pathway. 


SUMMARY 


1. Rabbit testis appears to contain C-1-glucokinase which is in- 
hibited in diabetic state. 

2. Fructokinase of rabbit testis which phosphorylates carbon 6 
is not affected in diabetes. 


The author is indebted to Dr. S. Mizuhara for his generous advice. This 
investigation was supported by the Grant for Scientific Research of the Department of 
Education. 
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CONFIRMATION OF GLUCOSE-1-PHOSPHATE PRODUCED 
BY GLUCOKINASE OF RABBIT TESTIS 


By IKURO AKAEDA 


(From the Department of Biochemistry, Okayama University 
Medical School, Okayama) 


(Received for publication, May 16, 1956) 


Shortly before, it has been reported that rabbit testis might contain 
C-1-glucokinase (/). This interpretation was deduced by measuring 
the free glucose used and the difference of acid labile phosphate before 
and after incubation. Present comunication is concerned with the 
confirmation of glucose-l-phosphate (G-1-P) produced by the testis 
glucokinase. A paper chromatographic method (2) was used for this 
purpose. 


MATERIALS AND METHODS 


Glucose-6-phosphate (G-6-P) and G-1-P used for the identification of the spots 
on paper were kindly furnished by Dr. P. Handler of Duke University (U.S.A.). 

Adenosine triphosphate (ATP) was prepared from rabbit muscle by the method 
of Dounce (3). Incubation mixture had the same constitution as described before 
(1), but its volume was doubled. Nitrogen containing 5 per cent CO, was used as a 
gas phase in Thunberg tubes. Without incubation (control tube) or after twenty 
minutes incubation (main tube) at 37°, barium soluble-alcohol insoluble fraction was 
prepared by the usual method (#4). The sugar phosphate fraction thus obtained was 
dried with cold absolute alcohol and stored in a desiccator at O°. The dried meterial 
was dissolved in a minimal amount of 0.1 NW hydrochloric acid and the barium ion 
were removed by adding sodium sulfate. All the procedures were carried out at O°. 
After centrigugation in a refrigerated centrifuge, the supernatant was neutralized and 
applied on filter papers (Toyo Roshi No. 50). Chromatographic procedure used in 
this experiments such as solvents and spraying agents were essentially the same as 
reported by Bandurski and Axelrod (2), but Rf values of sugar phosphates ob- 
tained in this laboratory were different from those reported by them. 


RESULTS 


Fig. 1 shows one dimensional chromatogram in an acid solvent 
(methanol 80 vol., 80 per cent formic acid 16.5 vol., H,O 3.5 vol.). 
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Fig. 1 (a) shows the chromatogram of the sugar phosphate fraction from 
the control tube. 

Fig. 1 (b) shows that of the same fraction from the main tube 
which was incubated for twenty minutes at 37°. Spot No. 1 (Rf:0.41) 
appeared only after twenty minutes incubation at 37°. When authentic 
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Fic. 1. One dimensional chromatogram. 

The Thunberg tubes contain the following substances in a final 
volume of 4 ml.:1.6 ml. of 33 per cent isotonic KCl homogenate of 
rabbit testis, 0.4 ml. of 1 per cent glucose, 0.4 ml. of 0.38 M@ NaHCO,, 
0.4 ml. of 0.06 Mf ATP, 0.4 ml. of 0.8 M MgCl, and 0.4 ml. of 0.5 M 
NaF. Main tube was incubated at 37° for 20 min. in 95 per cent 
N,-5 per cent CO,, and control tube was not incubated. Barium 
soluble-alcohol insoluble fraction was applied on papers. 


G-l-P AND RABBIT TESTIS GLUCOKINASE 651 


sample of G-1-P was mixed on a filter paper with the sugar phosphate 
fraction of the main tube, G-1-P was appeared just in piles on the No. 

1 spot (Fig. 1. (c)). The chromatogram of authentic samples of G-1-P, 
G-6-P and inorganic phosphate was shown in Fig. 1 (d). From these 
results, spot No. | is considered to be G-1-P and spot No. 3 (Rf: 0.52) 
to be G-6-P. A faint small spot of No. 2 may be considered to be 
frucotse-6-phosphate (F-6-P) from its Rf value (0.45). The Rf value 
of inorganic phosphate (spot No. 4) was 0.63-0.64. The Rf values of 
G-1-P and G-6-P in the basic solvent (methanol 60 vol., NH,OH 10 
vol., H,O 30 vol.) were 0.66 and 0.65, respectively, thus in this solvent 
the separate stops of these two sugar phosphates were not obtained in 
both cases of barium soluble-alcohol insoluble fraction from the main 
tube and of authentic samples. 


DISCUSSION 


About the origin of G-6-P observed on both filter papers of contro! 
and main experiments, the following interpretations are deduced: 

(1) G-1-P was contained in the homogenate from the first. 

(2) G-6-P was derived from F-6-P by the action of phosphohexo- 
isomerase which transforms 70 per cent F-6-P into G-6-P. F-6-P will 
be formed from ATP and fructose which might be contained in the 
homogenate. 

(3) The inhibition of phosphoglucomutase by NaF is not perfect 
as discussed previously (J), so G-1-P exist or formed from glucose in the 
homogenate will be able to be transformed into G-6-P to a certain 
extent. 

A possibility of the G-1-P formation from testis glycogen by the 
action of phosphorylase remains to be considered. So an experiment 
was repeated without added ATP, and it was found that glucose added 
was never utilized and no spot of G-1-P was detected on a paper chroma- 
togram in an acid solvent. 

From these results, it seems quite probable that rabbit testis has 
contained C-1-glucokinase. Further evidences and the significance 
of the presence of C-1-glucokinase in rabbit testis will be chased anyway 
in the comming papers. 


SUMMARY 


Glucose, ATP, Mgt, and NaF were mixed with the homogenate 
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° 


of rabbit testis, and the barium soluble-alcohol insoluble fraction of the 
mixture was examined by paper chromatography. A large spot of G- 
1-P was detected only after incubation at 37° for twenty minutes. With- 
out incubation, no spot of G-1-P was observed. So it seems quite pro- 
bable that rabbit testis contains C-1-glucokinase. 


The author is indebted to Dr. S. Mizuhara for his continued interest and to 
Dr. T. Baba for his technical advice. 

This investigation was supported by a scientific research grant from the Depart- 
ment of Education. 
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THE IN VITRO INCORPORATION OF C#-GLYCINE INTO 

ANTIBODY AND OTHER PROTEIN FRACTIONS BY PO- 
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LOCAL INJECTION OF CRYSTALLINE OVALBUMIN 
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Since the study of Ehrlich and Harris (/-4), it has been generally 
accepted that the popliteal lymph nodes are the active sites in the for- 
mation of antibody. Recently M. Ogata and Y. Mochizuki (5) 
(authors of the present paper) demonstrated, employing the quantitative 
precipitin method of Heidelberger (6-8), that precipitable anti- 
body nitrogen per gram tissue of the popliteal lymph nodes were greater 
than that of serum in rabbits immunized by the foot-pad injection 
of ovalbumin, and confirmed the above fact. 

On the other hand, Heidelberger et al. (9) demonstrated that 
the N!-glycine was incorporated in vivo into the newly formed antibody 
protein. 

However, there have been only few reports concerning the formation 
of antibody in the tissue preparation in vitro. Roberts et al. (10) demon- 
strated that minced lymphoid tissue from rats and mice immunized 
to sheep erythrocytes, released antibodies during the incubation with 
suitable medium and suggested that antibody production might occur 
in vitro. Recently, Ranney and London (J/) reported briefly that 
slices of the liver and spleen from rabbits immunized with type III 
pneumococci incorporated C'4-glycine into antibody, and Askonas 
and Humphrey (12) reported similar results using the slices of granulo- 
mata produced in rabbits by injection of Freud’s adjuvant containing 
ovalbumin. 

But there have been neither reports on the rate of the incorporation 
of Camino acid into antibody and other protein fractions of the im- 
munized tissue preparation, nor reports concerning various metabolic 
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factors governing the rate of the incorporation. 

For these reasons, the authors have undertaken a fundamental study 
in which the rate of incorporation of C!-glycine into antibody and 
other protein fractions were determined and further various metabolic 
factors affecting the incorporation rate were investigated in detail, using 
cell suspensions or homogenates of popliteal lymph nodes of rabbits 
afte the local immunization with crystalline ovalbumin. 


EXPERIMENTAL 


Treatment of Animals—The rabbits used for immunization were albino ranging in 
weight from 2 to 3kg. They were given the subcutaneous injection of alum-pre- 
cipitated crystalline ovalbumin in 8 mg. dose at foot pads every other day at least for 
4 weeks. Thereafter the popliteal lymph nodes from two or three animals were removed 
and used for each isotopic experiment. The ovalumin was prepared by the method 
of Kekwick (30). 

Tissue Preparation—The following manipulation was performed in the cold room 
(—2° to +2°). To obtain cell suspensions, two kinds of procedures were employed, 
the one, in which the popliteal lymph nodes were grinded with a mortar and pestle, 
then passed through a tissue masher fitted with a screen containing holes 0.5 mm. in 
size (cell suspension-1), the other, in which the lymphatic tissues were cut into very 
small pieces (0.5—-1 mm. diameter or more) with curved ophthalmic scissors (cell sus- 
pension-2). They were transferred into a conical centrifuge tube with the aid of the 
modified Krebs-Ringer-Phosphate (m-K.R.P.) solution described below. After 
centrifugation the packed cells were washed twice with m-K.R.P. solution and diluted 
to the appropriate volume with the same solution. The aliquot of this suspension 
(usually 1 ml.) were added to each main compartment of the Warburg vessel. 

To obtain cell free homogenate the following method was employed, in which 
the tissue was grinded with a mortar and pestle after the addition of small amounts 
of powdered glass and homogenization medium described bellow. The homogenate 
was centrifuged at 1500 r.p.m. for five minutes, then the supernatant was used for the 
experiment. 

Reaction Moxture—Two kinds of modified Krebs-Ringer-Phosphate solutions 
were used as suspending media of the tissue slices. The one (m-K.R.P.-1) was pre- 
pared by mixing stock solutions of 110 ml. of 0.9 per cent NaCl, 4 ml. of 1.15 per cent 
KCI, 1 ml. of 3.82 per cent MgSO, 7 aq. and 6 ml. of 0.1 M sodium phosphate buffer 
(pH 7.8). The other (m-K.R.P.-2) was prepared by mixing stock solutions of 100 ml. 
0.9 per cent NaCl, 1 ml of 3.82 per cent MgSO,7 aq., 4 ml. of 1.15 per cent KCl, 6 ml. 
of 0.1 M4 sodium phosphate buffer (pH 7.8) and 3 ml. of 1.22 per cent CaCl,, which 
was added immediately before the experiments. 

Composition of Homogenization Medium—The usual constituents were as follows:KCl 
0.120 M, potassium phosphate buffer (pH 7.4) 0.04 Af, and MgCl, 0.004 M. 

C™-Glycine—Three kinds of 1-C'+-glycine were used in the experiment, their speci- 
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fic activities being 8.5, 19.3 and 38.5 uC. per mg., respectively. 

Incubation Procedure—The lymphatic cell suspensions were incubated with Cl- 
glycine in the main compartments of the Warburg vessels. Each of their center cups 
contained 0.2 ml. of 10 per cent KOH and a folded filter paper. The gas phase was 
air or oxygen. ‘The incubation was carried out by shaking at 37°, and the stopcocks 
were closed after 10 minutes equilibration period. For the short time experiment 
Cis-glycine was added in the reaction mixture from the side arm of the vessel after the 
equilibration period. At the end of the incubation, the flask content was poured into 
a ice cold tubes of Potter and Elvehjem’s glass homogenizer (13), washed twice 
with 1 ml. of 0.9 per cent NaCl solution and homogenized in the cold room, transferred 
into a centrifuge tube, lyophilized twice, and then the separation of antibody and 
the fractionation of other tissue proteins were carried out as follows. 

Separation of Antibody and Fractionation of Tissue Proteins—For the separation of 
antibody, Heidelberger’s quantitative precipitin method (6-8) was employed and 
the quantity of precipitated nitrogen was determined by Folin’s tyrosine method 
(14). The fractionation of tissue protein was carried out employing the method of 
Griffin (/5). The detailed procedure was as follow: after the extraction of soluble 
protein and ribonucleoprotein by lyophilizing the cells, the extract was centrifuged for 
15 minutes at 20,000 r.p.m. in the No.40 Rotor of the Spinco Ultracentrifuge. The 
precipitate which contained desoxyribonucleoprotein was fractionated as described 
below. 

The supernatant was taken into a centrifuge tube, adjusted to pH 4.8-5.0 by 
adding 0.2 N acetic acid and centrifuged. The precipitate was ribonucleoprotein 
fraction and washed once with 0.4 4/ NaCl. An appropriate amount of egg albumin, 
which was determined previously by Heidelberger’s method, was added to the 
supernatant, incubated for 15 minutes at 37°, then placed in the refrigerator over- 
night. After the precipitation was complete, the centrifugation was carried out at 
3000 r.p.m. in the cold room. The specific precipitate (antigen-antibody complex) 
was washed twice with ice cold 0.9 per cent NaCl solution. The residual supernatant 
was designated as soluble protein fraction. 

The precipitate, which contained desoxyribonucleoprotein, was ground comple- 
tely with a glass rod and extracted with 2 ml. of 1 M NaCl with stirring, and centrifuged 
for 15 minutes at 20,000 r.p.m. To the supernatant, 1.5 volume of cold distilled water 
was added and centrifuged at 20.000 r.p.m. for 10 minutes. The precipitate thus pre- 
pared was desoxyribonucleoprotein fraction, which was obtained as typical gel form. 

Fractionation of cellular components of the lymphatic tissue was carried out by 
the Schneider centrifugal fractionation procedure using an isotonic sucrose solution 
(26). From nuclear fraction, desoxyribonucleoprotein was fractionated by the pro- 
cedure as described above. 

Washing, Plating and Counting the Protein—Antibody (antigen-antibody complex) 
and each protein fraction were precipitated with trichloroacetic acid (TCA) (final 
concentration, 10 per cent), washed three times successively with 5 ml.-portion of 
5 per cent TCA with centrifugation. Thereafter each precipitate was washed with 


656 K. OGATA, M. OGATA, Y. MOCHIZUKI AND T. NISHIYAMA 


cold 95 per cent ethanol, twice with hot ethanol-ether, then dispersed in 3 ml. of 5 
per cent TCA and heated for 15 minutes at 90° to remove nucleic acid. The residual 
precipitate was washed twice with 5 per cent TCA and then ethanol. The residual 
pelletes of protein were homogenized in a petroleum ether-ether-acetone solution 
(6:3:4). This suspension was poured onto stainless steel disc and evaporated to 
dryness under the infra red rays. After the dried protein was equilibrated in air at 
least for 1 hour, the weight of the protein on the disc was determined and its radio- 
activity was estimated either with a thin mica end-window Geiger-Miiller Counter or 
with a Lauritsen Electroscope. All samples were counted long enough to reduce 
the counting error. The specific activity of the protein) was corrected for self-adsorp- 
tion from an empirically determined curve. 

The incorporation data were expressed as jem of glycine per g. protein or yg. CM 
per g. protein, which was calculated according to Farber, Kit and Greenberg 
(16). 

Analytical Method—Lactic acid was determined by the method of Barker and 
Summerson (/7). 


RESULTS 


Experiments with Cell Suspension—As a preliminary experiment, the 
cell suspensions-1 were incubated with C-glycine in the m-K.R.P.-l 
solution containing glucose in a gas phase of air at 37°. The time course 
of the incorporation of glycine into antibody and soluble protein was 
presented in Fig. 1. As shown in this figure, the incoporation proceeded 
for 2 hours and the rate of uptake of glycine into antibody was greater 
than that into the soluble-protein, but the differences were not so promi- 
nent. Next, under the same experimental conditions, the rate of incor- 
poration of glycine into antibody and the proteins of cellular compo- 
nents, fractionated by Schneider’s procedure (26), were compared 
with each other at different time intervals up to 2 hours. As shown 
in Fig. 2, the glycine uptake into antibody was the most rapid, followed 
by microsome and soluble proteins, and that into nucleus (desoxyribonu- 
cleoprotein) was the slowest. 

The effect of the addition of various metabolic inhibitors on the gly- 
cine uptake was presented in Table I. It was observed that azide (5 x 
10° M), arsenate (10-? M), monoiodoacetate (210-3 M) and 2.4- 
dinitrophenol (5x10 M) inhibited markedly the incorporation of 
glycine into antibody as well as that into each cellular protein. 


1) The specific activity of antibody may be about 10 per cent higher than the 


value presented in this paper, since in the antigen-antibody precipitate the ratio of the 
two proteins was about 1:10). 
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Fic. 1. Rate of the incorporation of glycine into antibody and 
soluble protein by cell suspensions of the immunized lymph nodes. 

@, represents antibody; *, soluble protein. 

Incubation mixture; 1.6 ml. of lymphatic cell suspensions-1 
(contained 300 mg. tissue), 0.2 ml. of 0.25 M glucose, 0.1 ml. of C¥- 
glycine in 0.9 per cent NaCl. The concentration of glycine (specific 
activity, 38.5 «C./mg.) was 0.66 mM. 

Incubation at 37°, in air. 


But because under the experimental conditions described above the 
oxygen uptake by the cellular suspensions was rather low, examinations to 
arrive at suitable conditions of the cellular respiration were carried 
out. The best conditions which could be attained, were to use cell 
suspensions-2 and oxygen as gas phase. In this case, the m-K.R.P.-2 
was used as a suspension medium. The results was presented in Fig. 
3. The oxygen and amino acid uptake proceeded almost constantly 
for 2 hours. Especially the incorporation of glycine into antibody 
increased linearly after a short lag period, which was not observed in 
other protein fractions. It was remarkable that the specific activity of 
antibody was much higher than those of the other protein fractions, in 
which that of the soluble protein showed the next higher value and that 
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Fic. 2. Rate of the incorporation of glycine into antibody and the 
proteins of the various cellular fractions by cell suspensions of the im- 
munized lymph nodes. 


®, represents antibody QO, microsome, X, soluble protein, A, 
mitochondria, ©, nucleus. The experimental conditions were the 
same as those in Fig. 1. except that the concentration of glycine 
(specific activity, 8.5 wC./mg.) was 2.7 M. 

Incubation at 37°, in air. 


of the protein moiety of the desoxyribonucleoprotein was the lowest. 
Thus it was indicated that the oxygen uptake by the cell suspension was 
related closely to the glycine uptake into antibody. The rate of in- 
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Tasie I(1) 
Effects of Various Metablic Inhibitors on the Incorporation by 
Cell Suspensions of the Immunized Lymph Nodes 
(Incorporation expressed as per cent of that without inhibitor) 
Eeped menial Protein fraction 
No No: 8 No. 9 
Addition pean RN-P | DN-P | Sol-P | Antibody 
None 100 (70§) | 100 (658) | 100 (138) | 100 100 
Arsenate (107% M) 11 12 (0)+ 40 18 
Azide (5x 10-3 4) 6 10 40 22 11 
2,4-Dinitrophenol (5x 10-4M) | 18 21 (0)+ 33 22 
Monoiodoacetate (2 10-3M) | 17 (0)+ (0)+ 21 17 
TasLe I(2) 
Protein fraction 
Addition Anti- Sol-P* | DN-P* Mitochon- Microsome 
body dria protein} protein 
None 100 (90$))100 (58) 100 (16§)} 100(17§) | 100 (678) 
Arsenate (1073 M) 12 3 b2 39 19 
Azide (5x 1073 M) 12 13 8 12 8 
2.4-Dinitrophenol (5x 1074 M) | 24 18 23 47 22, 
Monoiodoacetate (2x 1073 M) | 14 15 30 31 22. 


The experimental conditions were the same as those in Fig. 2. 
§ The figure in parenthesis represents the value of the incorporation 
expressed pg. C4 per g. protein per 2 hours. 
t represents the negligible value. 
* Sol-P, soluble protein RN-P, protein moiety of ribonucleoprotein, 
DN-P, protein moiety of desoxyribonucleoprotein. 


corporation. of Ci4-glycine, expressed as ym of glycine per gm. protein per 
hour was represented in Table II. 
centration on the incorporation rate was examined, and the results was 


shown in Table III. 


Further the effect of glycine con- 


The effect of anaerobiosis was then examined, which was represented 
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in Table IV. From this Table it can be seen anaerobiosis inhibits 
almost completely the glycine uptake into antibody as well as those into 
other protein fractions. The addition of glucose or/and ATP, phospho- 
creatine and hexosediphosphate in the anaerobic condition increased 
the lactic acid formation by cell suspensions, while restored only slightly 
the glycine uptake. 

Experiments with Tissue Homogenate—When cell free homogenate 
was used, the C!*-glycine uptake into antibody as well as each protein 
fraction was greatly reduced, as compared with the value obtained by 
using intact cell suspensions. 

But, as shown in Fig. 4, even in this case the rate of the incorporation 
of C-glycine into antibody was observed to be much higher than those 
of the other protein fractions. The azide (10° M), monoiodoacetate 
(10-3 M), 2.4-dinitrophenol (10-3 M) or malonate (1.2107 M) in- 
hibited the glycine uptake as shown in Table V. 
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Fic. 3. Rate of oxygen uptake and the incorporation of glycine 
into antibody and other tissue proteins by cell suspensions-2 of im- 
munized lymph nodes. 

---O---O--- represents the oxygen uptake, —@®—@-—, anti- 
body; —x—xX-—, soluble protein; —A—A-—, protein moiety of 
ribonucleoprotein; —O—O-—, that of desoxyribonucleoprotein. The 
incubation mixture: 1.2 ml. of the cell suspension (containing 500 
mg. itssue), 0.4 ml. of 0.9 per cent NaCl and 0.1 ml. of C4-glycine 
(specific activity, 19.3 4C./mg.). The concentration of glycine was 

0.68 mM. Incubation at 37°, in oxygen. 
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TABEE youl 


Rate of the Incorporation of C'4-Glycine into Antibody and 
Other Cellular Proteins 


; Glycine in um per g. protein per hour 
Experimental 
No. Antibody Sol-P* RN-P# DN-P* 
a ] 8.4 37, 2.1 (ell 
2 10.0 es) 24. 0.7 
3 15.0 | 5.0 PAO fot 
+ 17.8 | 2.8 21 0.7 
5 8.1 a2 1.6 0.9 
Mean 11.9 | B20 2.1 0.9 


The experimental conidtions were the same as in Fig. 3. 
* The same as in Table I. 


TasLe III 
Effect of Glycine Concentration on the Incorporation 


Glycine in «Mm per g. protein per 1.5 hours 
Glycine concentration 2.04 0.68 0.185 0.09 
(mM) 
Antibody 32.0 Ps 3.0 ~ 
Sol-P* Nop Do 21 0.3 
RN-P* 6.2 Sal 0.7 0.3 
DN-P* 2a), 17 0.4 0.1 


The experimental conditions were the same as in Fig. 3, except that various 
concentrations of glycine were used.,. 
* The same as in Table I. 


DISCUSSION 


In recent years it has become possible to approach the problem 
of the synthesis of tissue protein by the use of suitable isotopic amino 
acids and since then a great number of reports concerning this problem 
have been published. But only few investigations were made concerning 
the incorporation of labeled amino acids into the protein of lymphoid 
tissue. Using the cell suspension of the lymphosarcoma and spleen, 
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Taste IV (1) 
Effects of Anaerobiosis on the Incorporation by Cell Suspensions 


Gas phase Os, | ‘iL No : 
Addition None Glucose None Glucose, ATP 
Antibody 8.75 8.45 0.063 0.087 
Sol-P DE55 1.85 0.011 0.027 
RN-P 2.08 2.20 0.010 0.032 
DN-P 0.62 1.07 0.016 0.018 
Lactic acid content 
per flask after the 238 880 600 1130 
incubation a 


Taste VI (2) 


Gas phase O} Ny 
7 Glucose, 
ATP, ATP, 
Addition None None creatine- creatine- 
phosphate phosphate, 
{ ) DES 
Antibody 13.5 0.038 0.057 = 
Sol-P* 4.4 0.017 0.025 0.041 
RN-P* IES 0.016 0.017 0.031 
DN-P* 1.0 0.040 — 0.080 
Lactic acid content 
per flask after the 65 400 580 1580 
incubation on 


The final concentration of glucose, ATP, creatine phosphate and hexose- 
diphosphate were 47mM, 1mM, 11.7mM and 1.12mM, respectively. 

Other experimental conditions were the same as in Fig. 3. 

The figures represents the incorporation expressed as (4M per g. protein 
per 90 minutes. 

* The same as in Table I. 


Farber, Kit and Greenberg (J6, 18) studied the incorporation of 
Cl4-amino acid under various conditions, and Kit and Barron (31) 
demonstrated the effects of corticoid upon the incorporation of Cl¥- 
glycine into the protein of lymphoid tissues. 

From the data represented in Fig. 3 and Table II, it can be seen 
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IRAR invA 


The Effect of Metabolic Inhibitors on the Rate of Incorporation 
by Cell Free Homogenate 


. Addition Antibody Sol-P RN-P 
None 100 100 100 
Arsenate (107% /) 2 51 36 
Monoiodoacetate (1073 AZ) 51 18 39 
None 100 100 100 
2,4-Dinitrophenol (1073 AZ) 58 44 
Malonate (1.2 x 107? M) oo 46 


Incorporation expressed as per cent of that without inhibitor. The ex- 
perimental conditions were the same as those in Fig. 4. 


that the rate of incorporation of Cl*-glycine into protein fraction of 
immunized tissue, especially that into antibody is very high, as compared 
with the figures of the rate of the incorporation of C!4-amino acids into 
the lymphosarcoma and spleen (/6, /8) or into other tissue proteins re- 
ported by other investigators using intact tissue slices or suspensions 
(21-23, 28, 29)), This result may clearly demonstrate that the anti- 
body is rapidly synthesized in the tissue of popliteal lymph nodes of 
the locally immunized animal, and agrees with the immunological 
investigations of Ogata and Mochizuki (5). 

The fact that the rate of C!4-glycine uptake into antibody is much 
higher than that into other protein fractions, suggests that the other 
tissue proteins are not direct precursors of antibody, though the further 
fractionation of the soluble protein was not carried out in this experi- 
ment. 

The data of the comparison of the rate of the incorporation into 
protein of different cellular fractions show clearly that the microsome 
protein incorporates amino acids at a much higher rate than any other 
cellular fractions. This result is in agreement with that of Hultin’s 
(19) in vwo experiments and Siekevitz’s (20) in vitro experiments using 
liver homogenates, though in the latter case the incorporation into the 
supernatant exhibits the lowest value. Very recently, after the finish- 


2) For the incorporation rate in various tissue proteins readers are refered to 
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Fic. 4. Incorporation 
of glycine into antibody and 
other tissue proteins by the 
cell free homogenate versus 
time. 

The homogenization 
medium contained MgCl, 
0.004 M, K phosphate buf- 
fer (pH 7.4) 0.04 M, KCl 
0.12 M. Nicotinamide (0.01 
M) was added further in 
the case of Fig. 4 (1). 

Each manometric flask 
contained 1.0 ml. of cell free 
homogenate, 0.2 ml. of 0.9 
per cent NaCl, 0.1 ml. of 
Cl4-glycine (specific activ- 
ity, 38.5 4C./mg.). The 
concentration of Cl4-glycine 
was 1.27 2M. 
at 37°, in oxygen. 


Incubation- 
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ment of this work, Ziegler and Melchior (25) obtained similar re- 
sults with ours, by cellular fractionation of liver slices after the incubation 
with S*-methionine. 

The incorporation of C'4-glycine into antibody and other protein 
fractions was shown to be greatly inhibited by anaerobiosis. Anaero- 
biosis has been reported to produce complete or variable inhibition of 
Cl4-amino acid uptake into several tissue proteins (J8, 2/). But recently 
Rabinovitz et al. (24) reported that the incorporation of C!4-amino 
acids into the protein of Ehrlich ascites carcinomatosa was supported 
anaerobically when sufficient glucose presented and active glycolysis 
occurred. In the present experiment the addition of glucose and 
ATP, and other P-compounds stimulated remarkably the production 
of lactic acid by cell suspensions, while restored the C'-glycine in- 
corporation only slightly as compared with the results of Rabinowitz 
et al. This discrepancy may be due to the difference between cell types 
studied. Further, using cell suspension or cell free homogenate system 
the detrimental effects of the inhibitors of respiration or phosphorylation 
were demonstrated. In addition it was indicated that the oxygen up- 
take stood in very intimate relation to the most suitable incorporation 
of glycine into antibody. Thus it may be concluded that in the tissue 
of the popliteal lymph nodes the aerobic energy yielding reaction may 
be absolutely necessary for the amino acid uptake into tissue protein and 
especially into antibody. 


SUMMARY 


Following the injection of crystalline ovalbumin into the foot-pads 
of rabbits, the popliteal lymph nodes were removed and the incorpo- 
ration of 1-C!*-glycine into antibody and other cellular protein fractions 
was studied, using cell suspensions or cell free homogenates. 

The following results were obtained. 

1. Under suitable aerobic conditions the cell suspensions of the 
lymph nodes from immunized rabbits incorporated very rapidly C14- 
glycine into antibody. The rates of incorporation of glycine into anti- 
body, soluble protein, the protein moiety of ribonucleoprotein and that 
of desoxyribonucleoprotein, expressed as ym glycine per g. protein per 
hour, were 11.9, 3.5, 2.1, and 0.9, respectively, when glycine concen- 
tration was 0.68 mM. 

2. The rate of the Cl*-glycine uptake into antibody was higher 
than the proteins of the cellular components, fractionated by the pro- 


cM-GLYCINE INCORPORATION INTO PROTEIN 667 


cedure of Schneider, of which that of the microsome fraction showed 
the highest value, that of the soluble fraction the next, and protein 
moiety of desoxyribonucleoprotein the lowest value. 

3. Aresenate, azide, dinitrophenol, monoiodoacetate and anaer- 
obiosis inhibited the incorporation of glycine into antibody as well as 
into other cellular proteins. Under anaerobic conditions, the addition 
of glucose, ATP, and other P-compounds restored only slightly the C™- 
glycine uptake. 

4. When the cell free homogenate was used, the rate of the in- 
corporation was greatly depressed. But even in this condition, the 
isotope uptake into antibody was more rapid than that into other protein 
fractions. The arsenate, monoiodoacetate, 2.4-dinitrophenol, or malo- 
nate inhibited the amino acid uptake in the cell free homogenate system. 


This work was supported by a Grant in Aid for Scientific Research from the 
Department of Education. 
The authors express sincerely their gratitude to Prof. Masuo Ogata and Issei 
Otawara for their advice and encouragement during this work. 
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BIOCHEMICAL STUDIES ON “ COENZYME 
SULFATE ANALOGUES ” 


Il. EFFECTS OF RIBOFLAVIN-MONOSULFATE 
ON BACTERIAL GROWTH 


By FUJIO EGAMI, MARIKO NAOI, MITSUHIKO TADA*, 
AND KUNIO YAGI* 


(From the Department of Chemistry, Faculty of Science, Nagoya University and 
the Department of Biochemistry, School of Medicine, Nagoya University,* Nagoya) 


(Received for publication, May 21, 1956) 


Riboflavin-monosulfate (FMS) (/) has been shown to compete 
with flavin-adenine-dinucleotide (FAD), thus inhibiting the oxidative 
deamination of p-alanine by D-amino-acid oxidase (2). This finding 
led us to consider that FMS, as an antivitamin-B,, might disturb the 
meétabolic pattern and inhibit the growth of certain bacteria and higher 
animals. In this connection, the present paper deals with the effects 
of FMS on the growth of bacteria. 


EXPERIMENTAL 


Organisms Chosen—L. casei (ATCC. No. 7469) which requires ribofla- 
vin for growth, and Str. faecalis (ATCC. No. 8043) which does not re- 
quire it. 

Procedure—It was essentially the same as that for routine riboflavin 
assay. The medium of Flynn et al. (3) with the omission of riboflavin 
was used as a basal medium. 

Inocula were prepared by the incubation of the stock culture in the 
basal medium at 37° for 24 hours. ‘Then sufficient cells were suspended 
in sterilized distilled water to give a slight turbidity. One drop of the 
suspension was used as the inoculum. 

Each 2 ml. of the basal medium were placed in the assay tubes, 
capped and autoclaved. One of a series of flavins was added after 
sterilization by Seitz filter. Each volume was adjusted to 4 ml. with 
distilled water. The tubes, after inoculation, were incubated at 37° 
for 48 hours. Bacterial growth was measured turbidimetrically with 
a spectrophotometer at 660 my. After 72 hours of incubation, organic 
acid produced was titrated with 0.05 WV NaOH. 
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Fic. 1 a. Growth curve of L. casei in the presence of flavins. 
Growth was measured by turbidimetry after 48 hours of in- 
cubation. (Expt. 1) 
O—O Riboflavin, @—@® FMN, x—*x FAD. 
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For. 1 b. Organic acid produced by L. casei in the presence of 
flavins. (Expt. 1) 


Growth was measured by acidmetry after 72 hours of incubation. 
O—O Riboflavin, ®—® FMN, x—x FAD 


Growth Test with Flavins—One of the flavins (Riboflavin, FMN, 
FAD, or FMS) was added to the basal medium and the growth was 
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measured by turbidimetry and acidimetry. Experiments with L. casei 
(Expt. 1.) are represented ‘in Fig. 1 a and 1 b. 
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MOLAR RATIO OF FMS TO RIBOFLAVIN 


Fic. 2. Effect of FMS upon bacterial growth in the medium with 
riboflavin. (Expt. 2) 
Riboflavin concentration: I, 1.5x10-§ M4; II, 0.6x 10-6 M; 
TIE OSs OsSes 
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MOLAR RATIO OF FMS TO FMN 


Fic. 3. Effect of FMS upon bacterial growth in the medium 


with FMN. (Expt. 3) 
FMN concentration: I, 1510-6 M; I, 1.0x 10-6 M. 
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Fic. 4. Effect of FMS upon bacterial growth in the medium 
with FAD. (Expt. 3) 
FAD concentration: I, 1.2x10°-§ M4; II, 0.6x10-6§ M; III, 


0.3 x 10-6 M,. 
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Fic. 5. Relation between riboflavin concentration and bacterial 
growth when molar ratio of FMS to riboflavin is constant. (Expt. 4) 
Molar ratio of FMS to riboflavin: I, 0/1; Il. 25/1: TII, 75/1. 


The bacterial growth was linear with concentration over the range 


from 0 to 1.5x10°° M (0.05 yg./ml. as riboflavin) of FAD, FMN, and 
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Fic. 6. Relation between FMN concentration and _ bacterial 
growth when molar ratio of FMS to FMN in constant. (Expt. 4) 
Molar ratio of FMS to FMN: I, 0/1; II, 7.5/1. 
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CONCENTRATION OF FAD 


Fic. 7. Relation between FAD and bacterial growth when 
molar ratio of FMS to FAD is constant. (Expt. 4) 
Molar ratio of FMS to FAD: I, 0/1; II, 2.5/1; III, 7.5/1. 


riboflavin. FMS did not support growth at the same concentration 
level, or even in higher dose (10°? M). With Str. faecalis (Expt. 2.), 
neither riboflavin, FMN, FAD, nor FMS affected growth at the concen- 
tration level up to 25 yg./ml. flavin. 
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Growth Inhibition by FMS—The effects of varying concentrations of 
FMS on the growth of L. casei in the presence of growth promoting 
concentration of riboflavin, FMN, or FAD were investigated (Expt. 
3.). The antagonistic acitivity of FMS to the tested flavins in the bac- 
terial growth is expressed by means of an “ inhibition index.” Such 
indices represent the molar ratio of FMS to growth promoting flavin 
at the point of half growth inhibition, the indices derived from the data 
summarized in Figs. 2, 3, and 4, being 5, 6 and 63 for FAD, FMN, 
and riboflavin, respectively. The high inhibition index for FMS-ribo- 
flavin system may be explained by the higher permeability of ribo- 
flavin. 

Since a) FMS is a structural analogue of the growth promoting 
flavins, and b) there is a linear relation between growth and flavin 
concentration when FMS/flavin is constant and flavin concentration is 
low (Expt. 4., Figs. 5, 6, and 7), it may be reasonable to conclude that 
FMS is a competitive inhibitor for growth promoting flavins. 

This growth inhibition is a bacteriostatic action, because L. casei 
was living even after 10 hours in the medium with FMS (0.5x10-3 M). 


SUMMARY 


1. Riboflavin-monosulfate (FMS) does not support the growth 
of 12 case, 

2. It competes with riboflavin, FMN, and FAD, and when added 
to growth promoting concentration of these flavins, it inhibits the growth 
of L. casei. 

3. Inhibition indices of FMS are 5, 6, and 63 for FAD, FMN, 
and riboflavin, respectively. The higher inhibition index found for 
riboflavin may be explained by the higher permeability of riboflavin. 

4. The growth inhibition by FMS is a bacteriostatic action. 

5. FMS has no effect on the growth of Str. facalis. 


We acknowledge the gift of bacterial strains by the Institute for Infectious Dis- 
eases and the Institute of Applied Microbiology of the University of Tokyo. 
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ENZYMATIC TRANSAMIDINATION FROM CANAVANINE 
TO GLYCINE BY HOG KIDNEY EXTRACTS 
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(Received for publication, May 31, 1956) 


Borsook and Dubnoff (/) demonstrated that the amidine 
moiety of arginine was transferred to glycine to form glycocyamine by 
slices or cell-free macerates of mammalian kidneys, and designated the 
enzyme concerned “ transamidinase.”” Walker (2) observed recently 
that the amidine moiety of canavanine was transferred to ornithine to 
form arginine by hog kidney extracts*. The present author has found 
that hog kidney extracts catalyze a transamidination reaction forming 
glycocyamine from canavanine and glycine as given in the accompanying 


diagram. 
NH NH, 
H,N-C-NH-O-CH,-CH,-CH-COOH +NH,-CH,-COOH — 
NH, NH 
H,N-O-CH,-CH,-CH,COOH | H,N-C-NH-CH,-COOH 


In this paper the general properties of this reaction are presented. 


MATERIALS AND METHODS 


Materials—1i-Canavanine was isolated from jack bean (3), and other reagents 
used were commercial products. The buffers employed were Walpole’s 1/5 M 
acetate (pH 4.0-5.0), S@rensen’s 1/15 M phosphate (pH 5.9-8.0), and Atkins-Pan- 
tin’s 1/10 M borate (pH 8.4—10.0). 

Enzyme Solution—Hog kidney, purchased from a meat-shop, was ground in a 
mortar with sea sand and water (0.5 ml. per g. of the moist tissue), and was kept in 
an ice-box overnight under toluene. The mixture was centrifuged, and the supernatant 
liquid (somewhat turbid) was used as an enzyme solution. 


* During the present author was making this paper after the completion of the 
work presented here, the Walker’s report (2) appeared. 
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Incubation Procedure—Mixtures of canavanine, glycine, buffer, and the enzyme 
were incubated under toluene at 35°. After incubation, 0.25 volumes of 2 M acetic 
acid containing 10 per cent sodium chloride was added to each of the reaction mixtures, 
and then the mixtures were heated for 5 minutes in a boiling water-bath. To remove 
the coagulated protein, the mixtures were filtered after cooling, and the filtrates were 
used for the determination of glycocyamine. 

Determination of Glycocyamine—Glycocyamine is the only substance in the reaction 
mixtures which gives a positive test with the Sakaguchi reagent, but, since the large 
amounts of canavanine and glycine interfere with the determination of glycocyamine 
by this reagent, it is necessary to separate glycocyamine from these two amino acibs. 
The separation was achieved by paper chromatography. 

The chromatograms were developed by the descending technique on filter paper 
(Toyo-Roshi No.52, 2x 40cm.) with a butanol-acetic acid-water mixture (4:1:1), 
and were sprayed with the Sakaguchi reagent to detect guanidino groups, or with 
ninhydrin to detect primary amino groups. Rf values of glycocyamine, glycine, and 
canavanine were 0,30, 0.18, and 0.13, respectively. Quantitative chromatograms 
were run usually with a batch of eleven sheets of paper in a tank, one sheet of which 
was sprayed with the Sakaguchi reagent for locating glycocyamine. From the other 
paper strips the areas corresponding to the spot of glycocyamine were cut off, and the 
glycocyamine so separated was extracted by heating the paper with 10 ml. of water 
in a stoppered tube at 70-80° for 30 minutes. Taking 5 ml. of the supernatant liquid 
of the extract, glycocyamine was determined by the Sakaguchi’s colorimetric method 
(4). 


RESULTS 
Formation of Glycocyamine 


When canavanine and glycine were incubated with the extract 
of hog kidney, a substance was formed which gave a red color with the 
Sakaguchi reagent. This substance had always the same Rf values 
as an authentic glycocyamine when developed on filter paper with 
various solvents. Consequently, it seems sure that the substance formed 
is glycocyamine. 

The effect on the reaction of omitting one of the components is 
shown in Table I. If the enzyme solution was omitted from the re- 
action mixture, no glycocyamine was formed. A small amount of 
glycocyamine was found to be present in the extract of kidney. A very 
slight increase in glycocyamine was observed when glycine alone was 
incubated with the enzyme. Canavanine without glycine led to a some- 
what significant increase in glycocyamine. When both amino acids 
were added together, the amount of glycocyamine formed was more than 
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4 times the amount with canavanine alone. From these results it is 
sure that the enzymatic canavanine-glycine transamidination reaction 
as described in the introduction occurs. The increase obtained with 
canavanine alone may indicate the presence of a small amount of free 
glycine in the kidney extract. Both «- and f- alanines were inactive 
as acceptors for amidine groups. 

Table II shows the relation between time of incubation and the 
amount of glycocyamine formed. 


TABLE I 


Formation of Glycocyamine 


Canavanine Glycine | Enzyme soln. Glycocyamine 
(fem) ((em) | (ml.) found ((1m) 
40 80 | I | 10.3 
40 0 | 1 3.1 
0 ome 1 | 1.5 
0 0 | 1 | 1.0 
40 80 0 0 


Total volume 4 ml., buffer (pH 7.4) 3 ml., temp., 35°, time of incubation 


4 hrs. 
Tanrey II 
Rate of Glycocyamine Formation 
Time of incubation hrs. 2 4 24 
Glycocyamine formed jum. Des, 9.9 | 25.4 


Total volume 4 ml., buffer (pH 7.4) 3 ml., enzyme soln. 1 ml., canavanine 
40 uM., glycine 80 ym., temp. 35°. 


Effect of pH on Activity of Transamidinase 


The effect of pH on the glycocyamine formation is shown in Table 
III. The reaction proceeded at a significant rate between pH 5.9 and 
9.0, with an optimum in the neighborhood of pH 7.4 under the con- 
ditions employed. 
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AWN 00 

Effect of pH 
pH 5.0 5.9 7.0 74 S00 a850| 90-4 doo 
Glycocyamine 0 3.9 9.1 11.6 On | 674 45.1.6 


formed pM. 


Total volume 4ml., buffer 2 ml., enzyme soln. 1 ml., canavanine 
40 ym, glycine 80 «um, temp. 35°, time of incubation 4 hrs. 


Effect of Canavanine Concentration on Glycocyamine Formation 


The effect of the canavanine concentration on the glycocyamine 
formation is shown in Table IV. The rate of glycocyamine formation 
increased with increasing canavanine concentration in the range of 
0.0005-0.005 M, but remained almost constant at the concentrations 
higher than 0.005 Af. This observation may be explained by the 
Michaelis’ theory. 


TasLeE ITV 


Effect of Canavanine Concentration 


Canavanine con- 

beeen M 0.0005 0.001 0.002 0.005 0.01 0.02 0.05 
Glycocyamine 

eed uM. 2.0 4.3 | 6.5 G2 9.7 10.2 11.4 


Total volume 4 ml., buffer (pH 7.4) 3 ml., enzyme soln. 1 ml., glycine 
0.02 M, temp. 35°, time of incubation 4 hrs. 


Effect of Glycine Concentration on Glycocyamine Formation 


As shown in Table V, the rate of glycocyamine formation in- 
creased approximately in proportion to the concentration of glycine 
in the range of 0.001-0.01 M. However, the rate remained almost 
constant at the concentrations of glycine higher than 0.02 M. 


Effect of Dialysis on Enzyme Solution 


The activities of the following enzyme solutions are compared each 
other in Table VI. 
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TABLE V: 
Effect of Glycine Concentration 


Glycine cencen- 


ation m | 9-001 0.002 0.005 0.01 0.02 0.05 | 0.1 
Glycocyamine a a 
Focned uM 1.0 2 4.6 9.9 13.4 (Pei 13.0 


Total volume 4 ml., buffer (pH 7.4) 3 ml., enzyme soln. | ml., canavanine 
0.01 1, temp. 35°, time of incubation 4 hrs. 


(i) An enzyme solution was dialyzed for 2 days in the presence 
of toluene against running water (Enzyme solution 1). 

(ii) To a dialyzed enzyme solution, sufficient manganese sulfate 
was added to give a concentration of 2mg. Mnt/ml. (Enzyme solution 
ays 

(iii) An enzyme solution which had not been subjected to dialysis 
was diluted with the amount of water equivalent to the expansion of 
volume of Enzyme solution | during dialysis (Enzyme solution 3). 


TasLe VI 
Effect of Dialysis 


Enzyme solution 1 2 3 


Glycocyamine formed em 6.4 oe 39 


Total volume 4 ml., buffer (pH 7.4) 3 ml., enzyme soln. | ml., canavanine 
40 uM, glycine 80 ym, temp. 35°, time of incubation 4 hrs. 


As seen in Table VI, the activity of transamidinase was increased 
by dialysis, and was decreased by the addition of manganese sulfate, in 
contrast with canavanase whose activity was enhanced by manganese 
ions. The increase of the activity of transamidinase by dialysis may 
be attributed to the removal of inhibitors, probably heavy metal ions, 
because the activity of the enzyme was increased also by the addition 
of a metal binder, ethylenediaminetetraacetate. 


Inhibition by p-Chloromercuribenzoate 


The activity of transamidinase was reduced to about 60 per cent 
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by the addition of -chloromercuribenzoate to give a final concentration 
of 0.001 M, but was restored completely by the treatment with an 
excess amount of glutathione (final concentration 0.01 M). These 
results are shown in Table VII. Because f-chloromercuribenzoate 1s 
known to react specifically with sulfhydryl groups, it is suggested that 
sulfhydry! groups may be involved in the enzyme action of transamidinase. 
This suggestion is also supported by the sensitiveness of the enzyme to 
heavy metal ions described above. 


Taste VII 
Inhibition by p-Chloromercuribenzoate 


ee ] Without p-chloro- Inhibited by Reactivated by 
eS ean mercuribenzoate | /-chloromercuribenzoate glutathione 
Glycocyamine 10.4 61 11.0 
formed {LM ; ; 


Total volume 4 ml., buffer (pH 7.4) 3 ml., enzyme soln. 1 ml., canavanine 
40 wm, glycine 80 uM, temp. 35°, time of incubation 4 hrs. 


DISCUSSION 


It seems unlikely at present that canavanine is a normal metabolite 
of higher animals. It is probable, however, that plants containing ca- 
navanine are ingested by higher animals. Consequently, it is possible 
that the canavanine-glycine transamidination reaction occurs in higher 
animals and canavanine replaces arginine so far as the glycocyamine 
formation is concerned. 

The mechanism of transamidination reaction has not been made 
clear. However, it was suggested by the results presented here that 
that sulfhydryl groups might be involved in the enzyme action and no 
cofactor might be required. On the other hand, glycocyamine can 
be synthesized by the action of S-methylisothiourea on glycine in a weakly 
alkaline aquecus solution at a room temperature as given in the following 
diagram : 

al NH 

H,N-C-S-CH,+ H,N-CH,-COOH > H-S_CH,-+H,N-C_NH-CH,-COOH 
Therefore, it is reasonable to speculate that an enzyme-amidine inter- 
mediate complex of isothiourea-type may be formed, and the mechanism 
of the reaction may be tentatively represented by the following diagram : 
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NH 


II 
Canavanine-++ H-S-enzyme — canaline-+-H,N-C-S-enzyme 
NH 


lI 

H,N-C-S-Enzyme- glycine — H-S-enzyme-+glycocyamine 

Since arginine-handling enzymes of many organisms cannot dis- 
tinguish completely between arginine and canavanine, the enzyme 
catalyzing the transamidination from canavanine may be the same as 
that catalyzing the transamidination from arginine. Borsook and 
Dubnoff reported that a cell-free macerate of kidney was less active 
than an equivalent amount of kidney tissue in the form of slices (/). 
This observation may be explained by the sensitiveness of the enzyme to 
heavy metal ions reported in this paper; the destruction of the cell 
may involve contamination of the enzyme with various metal ions from 
which the enzyme is presumably separated in the intact cell. 


SUMMARY 


An enzyme from hog kidney was found to catalyze the transfer of 
the amidine moiety of canavanine to glycine with the formation of 
glycocyamine. ‘The enzyme was sensitive to heavy metal ions, and was 
inhibited by f-chloromercuribenzoate. No cofactor requirement was 
observed, and the optimal pH was about 7.4. It was suggested that an 
isothiourea-type enzyme-amidine intermediate complex might be 
formed. 


The author wishes to thank Dr. S. Shibuya and Dr. N. Izumiya for their 
valuable advice. 
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DIARYL PYROPHOSPHATASE AND FAD 
PYROPHOSPHATASE 


By SHIGERU YAMAWAKI 


(From the Department of Biochemistry, School of Medicine, 
Chiba University, Chiba) 


(Received for publication, June 6, 1956) 


It was reported (1) that diphenyl pyrophosphate could be hy- 
drolysed by inorganic pyrophosphatase into 2 moles of monopheny]l 
phosphate when a cofactor present in a heated kidney autolysate is 
added. The present experiment has shown that diphenyl pyrophos- 
phate can be split at the pyrophosphate linkage by a liver enzyme 
preparation not containing inorganic pyrophosphatase. The action of 
this enzyme, diary] pyrophosphatase, when purified, is specific to dipheny] 
pyrophosphate. It is inactive to flavin adenine dinucleotide, which, 
however, is hydrolysed by muscle enzyme to produce flavin mono- 
phosphate and adenylic acid. The latter enzyme seems to belong to 
the nucleotide pyrophosphatase of Kornberg (2) and is inactive to 
diphenyl pyrophosphate. The preparation and properties of these 
enzyme solutions are described here. 


EXPERIMENTAL AND RESULTS 


Measurement of Hydrolysis at Pyrophosphate Linkage—To estimate the 
extent of diphenyl pyrophosphate hydrolysis at the pyrophosphate 
linkage, the monophenyl phosphate produced should be quantitatively 
split by monoesterase into phenol and inorganic phosphate which are 
colorimetrically measurable by the indophenol method (3) and Fiske- 
Subbarow’s or Youngburg’s method, respectively. As an ef- 
fective monoesterase a human urine sample simply dialysed was used. 
Activity of urine monoesterase at its optimum pH 5 was strong enough 
to completely hydrolyse monophenyl phosphate of 0.001 M concen- 
tration in two hours, whereas in the same conditions inorganic and 
diphenyl pyrophosphates used as substrates remained intact. Potassium 
diphenyl pyrophosphate was prepared according to the procedure of 
Neuberg and Wagner (4). 
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Preparation of FAD Solution—It was prepared from guinea pig liver 
according to the warm water extraction method of Yagi (5) and the 
phenol-ether method of Warburg and Christian (6). A slight 
modification was made in following points. The liver extract for 
phenol extraction of flavin compounds was obtained by heating liver 
slices in a mixture (1:5) of acetate buffer (pH 5) and physiological 
saline solution for 5 minutes at 80°, homogenising the coagulated tissue 
debris, heating again for 5 minutes, and centrifuging and the super- 
natant fluid was, prior to phenol treatment, saturated with sodium 
chloride instead of ammonium sulfate, since the contamination of the 
latter caused an inhibition of enzymatic FAD hydrolysis. ‘Total flavin 
content of the solution thus prepared was estimated by the method 
of Fujita-Yagi (5) after conversion to lumiflavin. Flavin com- 
pounds remained in the water layer after three times extraction with 
benzyl alcohol were assumed to be flavin mononucleotide (FMN) and 
FAD. For estimation of FAD, the solution was incubated at pH 5 with 
urine monoesterase for five hours to hydrolyse FMN to flavin riboside 
(FR), then extracted three times with benzyl alcohol to make free from 
FR, and the FAD remained was fluorometrically estimated by the method 
of Fujita-Yagi (5) after conversion to lumiflavin. The complete 
hydrolysability of FMN under the conditions mentioned above was 
ascertained from the result that FMN (Takeda) solution incubated with 
monoesterase and treated with benzyl alcohol did not produce any 
lumiflavin. FAD suffered no decrease by urine enzyme. FAD content 
of the solution thus prepared and used for the experiments was 3 to 5 
pg. per ml. and a trace of FMN and FR was present. 

The Test of FAD Pyrophosphatase Activity—It was carried out as in 
the case of diphenyl pyrophosphatase in two steps: Two ml. of FAD 
solution, 2 ml. of FAD pyrophosphatase, and 2 ml. of buffer solution 
were mixed in a brown glass tube, covered with toluene, and incubated 
for the time as indicated in the experimental results. For removal of 
FMN at the second step of the procedure, the mixture was adjusted to 
pH 5 by adding WV NaOH or acetic acid, 1 ml. of acetate buffer of pH 
5 was added, and the volume was made to 9 ml. with water. It was 
heated at 80° for 15 minutes to stop the enzyme action and then in- 
cubated with 2 ml. urine monoesterase solution at 37° for 2 hours. FR 
produced was removed by benzyl alcohol extraction and FAD remaining 
unhydrolysed was estimated fluorometrically after conversion to lumi- 
flavin. 
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Preparation of Liver Diaryl Pyrophosphatase—Pig liver brei was autolysed 
with 2 volumes of water at 37° for 3 days and the filtrate was dialysed 
for 2 days against running water. This solution which contained mono- 
esterase and inorganic and diaryl pyrophosphatases was acidified to 
pH 5 by addition of dilute acetic acid, the protein precipitated was 
centrifuged off, and the supernatant solution was neutralized to pH 
9 by addition of 0.1 W NaOH, heated at 65° for ten minutes, and di- 
alysed. The solution thus treated did not hydrolyse monopheny! phos- 
phate and inorganic pyrophosphate in pH range from 3.2 to 9.0. It 
caused by its single action in the same pH range no liberation of phenol 
or inorganic phosphate from diphenyl pyrophosphate. However, when 
the diphenyl pyrophosphate solution incubated for some time with the 
enzyme solution was heated at pH 5 and 100° for five minutes to in- 
activate any enzyme present in the test mixture and then reincubated 
with urine monoesterase, the production of equivalent amounts of free 
phenol and inorganic phosphate was observed. 

Optimum pH of Diary! Pyrophosphatase—It was measured by the 
two-step procedure. ‘The presence of two isodynamic, acid and alka- 
line, types was thereby revealed (Table I). Calcium or magnesium 
ion showed neither activation nor inhibition of the liver diaryl pyro- 
phosphatase. 


Pasie- 91 
Hydrolysis of Diphenyl Pyrophosphate 


pH 3 4 5 6 7 8 9 


Hydrolysis per cent 9 18 13 12 16 16 1 


Mixture of 1 ml. 44/200 diphenyl pyrophosphate, 2 ml. of diluted diary] 
pyrophosphatase, and 2 ml. buffer (M/10 acetate or Veronal) was incubated 
for two hours. After adjusting to pH 5, 1 ml. of acetate buffer of pH 5 
was added and the total volume was made to 8 ml. by the addition of water. 
The mixture was heated for 5 minutes at 100°, cooled to 37°, and incubated 
with 2ml. urine monoesterase for two hours. Phenol liberation was 
measured. Production of 2 moles phenol corresponds to 100 per cent 
hydrolysis. 


Liver diaryl pyrophosphatase solution so long as treated as describ- 
ed above, still contained an alkaline FAD pyrophosphatase, since two 
ml. of it completely hydrolysed 11 yg. FAD at pH 8 to9 to FMN 
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in 2.5 hours, while at pH 5 the hydrolysis proceeded to the extent of 
50 per cent, and at pH 3 and 4, almost none. The diaryl pyrophos- 
phatase solution could be made free from this alkaline FAD pyro- 
phatase as follows. 

Purification of Diaryl Pyrophosphatase—The enzyme solution heated 
at pH 9 as metioned above was acidified with 0.1 NW hydrochloric acid 
to pH 3 and heated for 10 minutes in a water bath of 75°. After ad- 
justing to pH 5.6 by the addition of 0.1. WM NaOH and leaving in an 
ice-box over night, the precipitate produced was suspended in 0.05 M 
Veronal buffer of pH 9, kept at 37° for 3 hours, and centrifuged. The 
clear supernatant solution obtained was proved to retain the diaryl 
pyrophosphatase action and presented 52 per cent and 46 per cent 
hydrolysis of diphenyl pyrophosphate in two hours at pH 5 and 8, re- 
spectively, but showed no FAD hydrolysis at all. 

From the results mentioned above it should be concluded that diaryl 
pyrophosphatase and FAD pyrophosphatase are different enzymes. 
Then preparation of FAD pyrophosphatase free from diaryl pyrophos- 
phatase activity was desirable. 

Muscle FAD Pyrophosphatase—Rabbit muscle was autolysed with 
2 volumes of water at 37° for 4 days and the filtrate was dialysed. This 
solution was unable to produce any phenol from diphenyl pyrophosphate 
at pH 5 and 9, even after successive action at pH 5 of urine monoesterase, 
and therefore, it was free from diaryl pyrophosphatase. However, it 
exhibited, in case of no further purification, some activity of monoesterase 
and inorganic pyrophosphatase at pH 5 and 9. Since it has been 
proved that alkaline FAD pyrophosphatase of the liver was resistant to 
heating for 10 minuts at 65° and pH 9, the muscle autolysate was treated 
in a similar way. ‘The solution thus heated, neutralised, and dialysed 
did not contain any monoesterase and inorganic pyrophosphatase. 
Optimum pH of FAD hydrolysis was 8 as illustrated in Table II. Alka- 


Taste II 
FAD Pyrophosphatase of Rabbit Muscle 
pH 3 4 5 6 8 9 
Hydrolysis per cent 3 5 16 7, 100 100 78 


Two ml. of FAD solution (4.6 ug. per ml.) was used. Reaction time for 
the first step at various pH was 18 hours. Reaction time for the second 
step with urine monoesterase at pH 5 was 5 hours. 
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line FAD pyrophosphatase activity was not influenced by Ca or Mg 
ions. 

Paper Chromatography of Hydrolytic Products of FAD—FAD solution 
was incubated with muscle FAD enzyme at pH 8 for 24 hours. After 
adjusting to pH _ 5, it was saturated with ammonium sulfate, extracted 
with phenol, and riboflavin compounds in the phenol layer were trans- 
ferred as usual to 0.1 ml. of water for chromatography. Toyo filter 
paper No. 50 and the upper layer of a mixture of n-butanol, acetic acid, 
and water (4:1:5) was used. No fluorescent spot of FAD (Rf 0.02) 
was visible under a mercury lamp and instead, a very intense spot of 
FMN (Rf 0.09) appeared. However, when the FAD hydrolysate was 
successively incubated with urine monoesterase and then concentrated 
by the phenol procedure, a single fluorescent spot was observed at Rf 
0.30, indicating the presence of riboflavin produced by hydrolysis of 
FMN, while no spots of other Rf were visible. The production of 
FMN from FAD was thus verified. If FAD were to be split at the pyro- 
phosphate linkage, adenylic acid should be the other product, which 
could be detected by the following procedure. Ten aliquot samples 
of FAD hydrolysate of pH 8 by muscle FAD pyrophosphatase were 
acidified to pH 5 and heated at 80° for 15 minutes. The combined 
filtrate was concentrated to | ml. at 80° for application to paper chromato- 
graphy. Under an ultraviolet irradiation with the Matsuzaki’s 
apparatus (7), a dark apot of adenosine 5’-phosphate was visible, Rf 
of which was 0.65 and 0.71, when developed with a mixture of 5 per 
cent potassium dihydrogen phosphate and isoamyl alcohol and of 5 per 
cent disodium hydrogen phosphate and isoamyl] alcohol, respectively. 

Action of Potato Phosphatase on Diphenyl Pyrophosphate and FAD— 
Kornberg (2) isolated nucleotide pyrophosphatase from potatos. 
In the present experiment, the purification of potato enzymes according 
to his method remained at the first fractionation with ammonium sulfate 
and the precipitate obtained was dissolved in water and dialysed. This 
enzyme solution hydrolysed diphenyl pyrophosphate at the optimum 
pH of 3. Besides this acid enzyme there were, however, an acid mono- 
esterase and two, acid and alkaline, inorganic pyrophosphatase. ‘The 
solution was, therefore, heated as usual at 65° and pH 9 for 10 minuts 
and dialysed. Hydrolysis of FAD by this dialysed solution proceeded 
optimally at pH 3, the higher the pH of the reaction mixture the more 


FAD remained unchanged. 
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DISCUSSION 


Diphenyl pyrophosphate was hydrolysed into two moles of mono- 
phenyl phosphate by an enzyme, provisionally named diaryl pyro- 
phosphatase, without any liberation of free phenol. Successive action 
of urine monoesterase produced phenol and inorganic phosphate in 
equivalent amounts. Phosphodiesterase, monoesterase, and inorganic 
pyrophosphatase had no action on that substrate. Kurata (J) re- 
ported twenty years ago that the inorganic pyrophosphatase could 
hydrolyse diphenyl! pyrophosphate when an activator was present. 
The diaryl pyrophosphatase in the present experiment was free from 
inorganic pyrophosphatase and seemed to need no activator. Whether 
there are two different enzymes for the hydrolysis of pyrophosphate 
linkage of diphenyl pyrophosphate remains at present undetermined. 
The nomenclature of diaryl pyrophosphatase was preferred, since it was 
inactive to FAD. There are acid and alkaline diaryl pyrophosphatases 
in the liver, the optimum pH being 4 and 8, respectively. The acid 
enzyme free from the alkaline isodynamic enzyme can be prepared from 
a potato extract. 

FAD was, on the other hand, hydrolysable by a specific FAD pyro- 
phosphatase. An alkaline FAD pyrophosphatase of the muscle could 
be prepared free from other phosphatases, whereas an acid FAD pyro- 
phosphatase was found in a potato extract. It can be said that there 
are also two isodynamic types of FAD pyrophosphatase. 

Since diaryl and FAD pyrophosphatases are different from each 
other, specificity of the enzymes capable of splitting pyrophosphate 
linkage depends upon the sort of hydroxyl compounds esterified by 
phosphoric acid. The results reported by Kornberg (2) that DPN, 
TPN, and FAD are hydrolysed by a single nucleotide pyrophosphatase 
is reasonable. According to this author the optimum pH of DPN 
hydrolysis by potato enzyme is 8 and that of FAD hydrolysis seems to 
be near this pH range. In the present esxperiment, however, an acid 
FAD pyrophosphatase was found in a potato extract. Then it may be 
said that there are in plants two isodynamic FAD pyrophosphatase as 
in animals. 

The FAD hydrolysis by this enzyme proceeded specifically at the 
pyrophosphate linkage just as in the case of diphenyl pyrophosphate 
by diaryl pyrophosphatase. Since FMN and adenylic acid were identi- 
fied as the products, the formation of any intermediate such as flavin 
pyrophosphate or flavin pyrophospho-ribose could be excluded. 
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SUMMARY 


Diphenyl pyrophosphate is hydrolysed by diaryl pyrophosphatase 
into two moles of monophenyl phosphate. This enzyme is inactive to 
flavin adenine dinucleotide, which is in turn split by nucleotide pyro- 
phosphatase to produce flavin monophosphate and adenylic acid. For 
either diaryl pyrophosphatase or nucleotide pyrophosphatase there are 
two isodynamic, acid and alkaline, enzymes. The acid FAD pyro- 
phosphatase is found in potato extract and the alkaline enzyme in muscle 
autolysate. Acid diaryl pyrophosphatase contained in potato extract 
can be obtained free from isodynamic alkaline enzyme, whereas the 
two isodynamic diaryl pyrophosphatases of the liver, though they could 
be made free from other phosphatases, are incapable at present, of being 
separated from each other. 


This work was supported in part by a grant from the Ministry of Education, given 
to Prof. S. Akamatsu, the director of this department. 
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Recently Egami and coworkers (/) reinvestigated a new type 
of glucan polysulfate (charoninsulfuric acid) which was isolated from 
the mucus of Charonia lampas (Tritonium nodiferm), and showed that a 
part of the glucan has a cellulose structure and the other part an amylose 
structure. It was found in this experiment that a close relation exists 
between the sulfur content of charoninsulfuric acid and the constitution 
of the glucan, i.e. the less the sulfur content the less the cellulose structure. 
This parallelism implies that the biological transformation of amylose 
to cellulose may be preceded or accompanied by the sulfation, and hence 
the sulfation of charoninsulfuric acid is of particular interest. 

The problems concerning the biological sulfation of polysaccharides 
in different mammalian tissues have been dealt with by several workers. 
Bostrém and Mansson (2) demonstrated that S*°-sulfate is retained 
in slices of cartilage of calf, and the major portion of the labeled sulfate 
is present in chondroitin sulfate. Sato and coworkers (3) demonstrated 
a similar uptake of sulfate in heparin by the liver of rats. 

According to our study (4) on the incorporation of S*-sulfate into 
different organs of Chalonia lampas, remarkably high concentrations of 
S®5 are recognized in the mucous gland. It thus seems most reasonable 
to assume that the biological sulfation of charoninsulfuric acid occurs 
in the mucous gland. The present 2m vivo and zn vitro investigations were 
undertaken to determine whether or not S*-sulfate enters into charon- 
insulfuric acid of the mucous gland. 


EXPERIMENTAL 


In Vivo Experiments—Six groups of Charonia lampas, each group com- 
prising four Charonia weighing 120 to 160 g. (without shell), were injected 
intramuscularly with S%-sulfate in 0.2 ml. of distilled water (5 x 10° 
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c.p.m. per sq.cm. measured as benzidine sulfate at infinite thickness). 
After immersing the test animals in a sea of 20°, the respective groups 
were killed at different times ; the first group after 3 hours, the last one 
after 69 hours. The mucous glands were removed and immediately 
placed in absolute methanol. After 4 days these were defatted with 
acetone and dried in vacuo. Charoninsulfuric acid was obtained from 
this preparation of each group as follows: about 10g. of the dried 
mucous gland was ground to a powder and extracted with 150 ml. of 
1.7 per cent HCl at 40° for 40 minutes. The clear extract was neutral- 
ized with KOH to salt out potassium charoninsulfate, which was then 
dissolved in 1 per cent HCI and reprecipitated with an equal volume 
of ethanol. After repetition of this salting out and precipitation pro- 
cedures, the precipitate was dissolved in 50 ml. of distilled water and the 
last traces of S*-sulfate were removed by electrodialysis. ‘The dissolved 
charoninsulfuric acid was then precipitated with ethanol, washed with 
absolute ethanol and ether and dried in vacuo. About 200mg. of each 
of the different preparations thus obtained were hydrolyzed with a 
mixture of conc. HNO; and HCI (1:3) in a boiling water bath, and 
after evaporation the sulfate was precipitated as the benzidine salt from 
aqueous solutions. The benzidine sulfate was washed with 50 per cent 
and 95 per cent aqueous acetone successively, suspended in 2ml. of 
absolute ethanol and then transferred to a small porcelain dish of a 
diameter of 2.5cm. After drying, the radioactivity was measured by 
means of a Geiger-Miiller counter. Each sample had a thickness 
of 17mg. per sq.cm., which corresponded approximately to infinite 
thickness. Under such conditions the number of counts is linearly pro- 
portional to the activity. The results are expressed as counts per sq. 
cm. ‘The error in measuring the radioactivity of the sample amounted 
to 8 per cent. 

The possibility that the samples of charoninsulfuric acid obtained 
under this experiment were contaminated with free S*-sulfate need 
not be considered because of the following fact: 200 mg. of pure charon- 
insulfuric acid (S=15 per cent) and S*-sodium sulfate (5 x 10% c.p.m.) 
dissolved in 150 ml. of 1.7 per cent HCl were treated as above ; it was 
then found through the measurement of the radioactivity that the 
charoninsulfuric acid thus obtained was free from the labeled sulfate. 

In Vitro Experiments—The mucous gland of newly killed Charonia 
was sliced to a thickness of approximately 0.5 mm. with a safety razor 
blade. About 35g. each of the slices, which contain large amounts 
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of charoninsulfuric acid, were quickly transferred to three vessels con- 
taining 100 ml. of sea water as the basic medium. ‘The vessels were 
shaken in a thermostat of 30°. One of the samples (No. I) was taken 
out and boiled for 20 minutes, cooled, and returned to the thremostat. 
When the temperature of this sample was 30°, S%5-sodium sulfate (3 x 
10° c.p.m. per sq. cm.) in 1 ml. of distilled water were added to each 
sample and the reaction was allowed to proceed at 30°. Samples II 
and IJI were removed after 4 and 8 hours respectively, and boiled for 
20 minutes. Each suspension was acidified with 5 ml. of conc. HCl, 
and charoninsulfuric acid was extracted as described in the preceding 
experiment. About 200 mg. each of the charoninsulfuric acid samples 
I to III were hydrolyzed with a mixture of conc. HNO, and HCl, and 
the sulfate was precipitated as the benzidine salt for the determination 
of the radioactivity. 


RESULTS 


The results of the sulfur and nitrogen analyses are given in Table 
I. The sulfur values, being relatively high, indicate that it must be 


TABLE I 


Analytical Figures for Different Samples of 
Charoninsulfuric Acid 


Per cent of dry substance 
Sample No. 
S N 
In vivo experiments 
1 13.60 0.32 
2. 14.20 0.30 
3 14.55 0.28 
4 14.40 0.36 
5 13.55 0.32 
6 13°45 0.38 
In vitro experiments 
15.00 0.28 
II 14.80 0.24 
Ill 14.80 0.22 


excluded in this paper to make discussions on the charoninsulfuric acid 
with a low sulfur content. The nitrogen values indicate that small 
amounts of protein are present in all samples ; but this contamination 
need not be taken into consideration, since the amounts of sulfur-con- 
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taining amino-acids are negligible. 

In Fig. 1 the radioactivities measured in the in vivo experiments 
are plotted against time in hours after injection. As can be seen, the 
curve shows an increase in the radioactivity from 50 c.p.m. per sq. cm. 
after 3 hours to 825 c.p.m. after 41 hours and then a slow increase to 
857 c.p.m. after 69 hours. A decrease in the radioactivity, 7.e. elimi- 
nation of labeled sulfur from the charoninsulfuric acid, could not be 
observed, since Charonia could not be kept alive beyond 3 days after in- 
jection. 


cpm 


1000 


800 


600 


400 


200 


10 20 30 40 50 60 70 
TIME IN HOURS 


Fic. 1. Uptake of radioactive sulfate in charoninsulfuric acid 
of mucous gland. 


Counts per minute per sq. cm. as found in measuring radioactivity 
plotted against time in hours. 


The results of radioactivity measurements in the experiment per- 
formed with slices are shown in Table II. Even when no substrates 
have been added, slight uptake of S35-sulfate was observed after 8 hours, 
while there was no significant uptake of S* if the slice was boiled prior 
to the addition of the isotope. As the amounts of $® fixed within 8 hours 
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Taste JI 


Uptake of Radioactive Sulfate into Charoninsulfuric 
Acid by Slice of Mucous Gland 


Sample Time Radioactivity of charoninsulfuric acid 


No. (hours) (¢.p.m. per sq.cm.) 
I (boiled) 8 40 

II 4 78 

JOU 8 139 


were small, a clear-cut result regarding the effect of several inhibitors 
has not been obtained. It was impossible to incubate the reaction 
mixtures more than 8 hours owing to the putrefaction of the slices. Ad- 
ditions of 0.02 M glucose, 0.03 M phosphate or 0.5 per cent charon- 
insulfuric acids with different sulfur contents (S=2,5 and 15 per cent) 
did not accelerate the reaction. 


DISCUSSION 


From the consideration of these results and those obtained with 
autoradiography (4), it seems most reasonable to conclude that bio- 
logical sulfation of charoninsulfuric acid occurs in the mucous gland, 
and that the sulfate ion in sea water is a natural source of the sulfate 
group of charoninsulfuric acid. 

In the studies on the conjugation of sulfate with phenols, it has 
been demonstrated by several workers (5-6) that the preliminary step 
of the conjugation is an enzymatic activation of inorganic sulfate by 
ATP. Recently Hilz and Lipmann (7) have suggested that the 
active sulfate corresponds to a mixed anhydride between sulfate and 
phosphate, the phosphate being most likely linked to adenosine. Their 
suggestion must be useful for the studies on the biological sulfation of 
polysaccharides. 


SUMMARY 


1. The uptake of S%-sulfate into the charoninsulfuric acid of 
the mucous gland of Charonia lampas has been studied by in vivo and in 
vitro experiments. 

2. An increase in the radioactivity of charoninsulfuric acid was 
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demonstrated during 69 hours after intramuscular injection of S*°-sulfate. 

3. Sodium sulfate labeled with S®> has been found to be taken up 
by the slice of the mucous gland and built into charoninsulfuric acid. 
In the boiled mucous gland no similar uptake occurs. 


The author thanks Prof. Fujio Egami for his interest and encouragement. A 
part of the experiments was executed in the Marine Biological Laboratory of Nagoya 


University. 
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AUTORADIOGRAPHIC STUDY ON THE INCORPO- 
RATION OF S8®-SULFATE INTO MUCOUS 
GLAND OF CHARONIA LAMPAS 


By SAKARU SUZUKI anp KEN-ICHI OGI 
(From the Department of General Educatton, Nagoya University, Nagoya) 
(Received for publication, June 13, 1956) 


In a previous investigation (/) on the incorporation of sulfate into 
the mucous gland of Charonia lampas (Tritonium nodiferm), we demon- 
strated that the major part of the fixed S*-sulfate was found in the 
sulfate group of charoninsulfuric acid. However, nothing has so far 
been investigated about the relation between the histological feature 
of the mucous gland and its function in the biological sulfation. 

The present investigation -was undertaken in order to elucidate 
the role of the mucous gland in the biological sulfation of charoninsulfuric 
acid by means of autoradiography. 


EXPERIMENTAL 


Three groups of Charonia lampas (weighing about 150 g. without shell) were in- 
jected intramuscularly with 0.2 ml. of a solution containing 1.0 millicurie of S*- 
sodium sulfate (carrier-free). Then all of the test animals were kept in a sea at 20° 
for varying periods (3, 45 and 69 hours) after the injection; the liver and mucous 
gland were removed and immediately placed in absolute methanol for 5 days. After 
treatment with isopropanol, paraffin embedding and sectioning in 15-t thickness sec- 
tions were made by the usual method. The sections were mounted on_ glass-slides 
and deparaffinized with xylene. One series of these preparations was cove red with 
celloidin and then with a stripping film by lifting the slide underneath the film (Fuji 
autoradiographic plate for stripping method) floating in I per cent glycerol solution. 
After exposure for 14 days at 5°, development was undertaken in the following solu- 
tion at 20° for 3 minutes: distilled water, | litre; metol, 4 g.; anhydrous sodium sul- 
fite, 60 g.; hydroquinone, 10 g.; anhydroussodium carbonate, 45 g.; potassium bro- 
mide, 2.5g. After fixing and washing, the slides with the film were dried under the 
fan. Another series of the preparations was pressed directly against Fuji autoradio- 
graphic plates in iron screw presses for contact autoradiography. After exposure for 
14 days, the films and sections were separated, and the films were developed, fixed and 
washed in the same manner. The latter (i.e., the sections) were stained by Bauer's 
method (2) for polysaccharide location, and by Feulgen’s method (3) for desoxy- 
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ribonucleic acid location, and compared with the autoradiographs. 
RESULTS 


The mucous gland of Charonia lampas is composed of the epithelial 
layer, connective tissue with folds and palisade of cylindrical mucous 
cells covering it, as shown in Fig. | and Fig. 2: usually the mucous 
cells contained large amounts of mucus (mucoprotein of charoninsulfuric 
acid) produced in it. As shown in Fig. 3, the connective tissues are 


Fic. | Bie. 2 


IBIGanS 


Fic. 1. Cross section of mucous gland stained with Bauer’s 
method. (x4). 

Fie. 2. Detarlvof Fie. Ie 

F.: epithelium, C: connective tissue, M: mucous cells. (7) 

Fic. 3. Microphotograph of section of mucous gland treated 
with Feulgen’s nucleal reaction. 

(Detail from portion indicated by boundary line in Fig. 
Arrows point to nuclei. (75) 


N 
So 


Ne: nuclei of cells of connective tissue. 
Nmi: nuclei of inner mucous cells. 


Nmo: nuclei of outer mucous cells. 
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after the injection. In contrast with their observations, we have been 
unable to catch any radioactive substances in the liver of Charonia by 
means of autoradiography. 

The identification of radioactive substances other than charonin- 
sulfuric acid existing in the mucous cells as well as the elucidation of the 
mechanism of biological sulfation of polysaccharides must await further 


experiments. 
SUMMARY 


The incorporation of S*5-sulfate into the mucous gland of Charonia 
lampas was studied by means of autoradiography. 

A particularly high uptake of S* is noted in a layer bordering with 
the connective tissue in mucous cells. It is shown with Feulgen’s 
nucleal reaction that numerous granules regarded as nuclei are dis- 
tributed in the layer. 

Sections of the liver, obtained 3, 45 and 69 hours after the injection 
of S*5-sulfate, give no blackening of the films in contrast with mammalian 


livers. 
We thank Prof. Fujio Egami for his interest and encouragement. A part of 


the experiments was executed in the Marine Biological Laboratory of Nagoya Uni- 


versity. 
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PHYSIOLOGICAL CHEMISTRY OF THE HARD TISSUES 


By YOSOJI ITO, SUSUMU TSURUFUJI, YOSIO HIRAMATSU 
AnD MIKITO CHIBA 


(From the Institute of Physiological Chemistry, Department of Pharmacy, 
Faculty of Medicine, University of Tokyo, Tokyo) 


(Received for publication, June 20, 1956) 


An. isotopic tracer method using Ca‘ or P? have made great con- 
tributions to the study of physiology and biochemistry of the calcified 
tissues. Above all, remarkably rapid incorporations of Ca* or inorganic 
P®*-phosphate into the mineral crystals of the calcified tissues from 
surrounding medium, both in vivo and in vitro, has surprised many 
workers. It is generally accepted that such a rapid uptake of radio- 
isotopes results largely from physicochemical interchange of these ions 
between solid phase (mineral crystals) and liquid phase (body fluid). 
Hence some workers are disappointed for the use of radioisotope as an 
indicator of bone metabolism (/, 2). 

The rate of the incorporation of radioisotopes into calcified tissues 
in vive was estimated by some workers (3, 4), but these reports pay little 
attention to the distinction between the uptake of radioisotope due to 
physicochemical exchange and physiological addition which results 
from the formation of newly calcified tissues. In the skeletal tissues, 
even in the adult, resorption and new formation of the tissue coexist in 
a microscopical scale. Because of such complexity of reconstruction 
processes in bone tissues, it is difficult to distinguish the incorporation 
of Ca‘ due to the physicochmical exchange from that due to the physio- 
logical accretion of bone salt (5). On the contrary, the incisor of the 
rodent grows permanently all through the life time. There occurs no 
such complex reconstruction processes as in the bone. Problems to 
be considered in the incisor are only physicochemical exchange, formation 
of newly calcified tissues, and mechanical attrition of the tip. More- 
over, the amount of new formation should be equal to that of attrition 
in mature animals so that the incisor of the rodent is a profitable material 
for the quantitative study on the incorporation of the radioisotopes into 
the calcified tissues. 

This experiment was attempted mainly to estimate the ratio of 
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physicochemical exchange to physiological accretion in the incorporation 
process of radioactive calcium into the incisor of the rat. 


METHOD 


Experimental Animals—Groups of litter mates of male albino rats were used and 
placed on a suitable diet. 

Assay of Calcium and Ca*® in the Serum—Blood was drawn by cutting the common 
carotid artery. Total calcium level of serum was measured by the slightly modified 
method of Clark and Collip (6). Radioactivity assay of serum Ca* was carried 
out as follows, with the exception of that described later: 0.5 ml. ofsaturated ammonium 
oxalate solution was added immediately to 1 ml. of the serum placed in a shallow 
stainless steel sampling dish. This was mixed thoroughly, stood overnight, and cen- 
trifuged. Supernatant fluid was discarded with a hooked capillary pipette, and re- 
sultant calcium oxalate precipitate, after washing once with 2 per cent NH,OH, was 
dried mildly under an electric infrared heater lamp. Radioactivity was measured 
by means of a thin mica-window G-M counter. 

Measurement of the Incisor—Rats were all sacrificed by cutting the carotid artery. 
Bilateral lower incisors were removed, and adherent soft tissue other than dental pulp 
was wiped off carefully with a filter paper. The cleaned incisor was calcinated at 
600-700° in a porcelain crucible of B-OO type in an electric muffle furnace. Resultant 
ash was weighed, dissolved in 0.5 ml. of 20 per cent HCl, evaporated to dryness under 
an electric infrared heater lamp, and dissolved again in 2ml. of 1 NV HCl. Then 
calcium was precipitated as the oxalate and centrifuged in the crucible. The pre- 
cipitate was dried at 100°. Thus radioactivity of labeled Cats (COO), H,O in the 
crucible) was assayed with a thin mica-window G-M counter. Quantitative measure- 
ment of the incisor calcium was also carried out gravimetrically with the same sample. 
All measurements of radioactivity were corrected for self-absorption, background, 
radioactive decay, geometrical condition, and for changes in counter efficiency. 


RESULTS 


Constancy of the Specific Activity of Serum Calcium—Single adminis- 
tration of the solution of radiocalcium or inorganic radiophosphate 
causes an abrupt, but temporary, rise of radioactivity in the serum, 
whether it is given orally (4), subcutaneously (7), intravenously (7) 
or intraperitoneally (2, 8). 


> 


1) The porcelain crucible has a little radioactivity, about one- third the natural 
backgound. It may come from natural clay material and mainly consists of moderately 


hard beta-ray. The radioactivity of the crucible was treated as a part of the back- 
ground radiation. 
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Therefore, repeated administrations are necessary to keep the 
specific activity of serum calcium at a constant level. Through some 
preliminary investigations to determine relevant doses and intervals of 
Ca*® administration, a certain appropriate procedure was found to give 
a constant specific activity of serum calcium. 

Each of 7 rats, weighing see 190 g., was injected with CaCl, 
solution intraperitoneally by the ““AGLA” micrometer syringe?) as 
follows: 4 uC. at the first, followed by 10 injections of 1 wC. at 30 
minutes intervals all through the experiment. Because of the high 
specific activity®’ of the injected calcium solution, total injected dose 
of 14 wC. of Ca*® accompanied with 0.47 mg. of natural Ca‘? for each 
rat is considered physiologically carrier-free (8). 

Repeated radioactivity assay of rat serum was carried out. About 
0.3 ml. of the blood sample was drawn from the tail vein of each rat 
and centrifuged. 0.1 ml. of the resultant serum was dried in a stainless 
steel sampling dish* as a thin film (less than 3 mg. per cm.) and assayed 
with the G-M counter. Constancy of the radioactivity of the serum 
was accomplished as seen in Fig. 1. 

Uptake of Labeled Calcium by the Incisor Teeth on the Constant Specific 
Activity of the Serum Calcium—As in the foregoing cases 19 rats weighing 
about 190g. were given repeated intraperitoneal injections of Ca‘ in 
order to maintain the specific activity of serum calcium at a constant 
level. The rats were sacrificed in 1 to 4 animals at intervals of 30 
minutes from 30 to 270 minutes after the first injection. Specific activity 
of serum calcium and radioactivities of the lower incisor teeth were 
determined. 

Specific activity of the calcium incorporated into the incisor tooth 
is assumed to be equal to that of serum calcium with slight, practically 
negligible retardation. Based on this assumption, if specific activity 
of serum calcium is kept constant, total calcium uptake by the incisor, 
which includes both physicochemical exchange of calcium between 
incisor mineral and blood serum (interstitial fluid) and physiological 
addition of calcium due to the new tissue formation, can be computed 
from the following equation. 

Incorporated Ca (mg.)=[radioactivity of incisor (c.p.m.)] 
[specific activity of serum calcium (c.p.m. per mg.)] +--+: -- (1) 


2) Burroughs Wellcome Co., London 
3) 30 pC. per mg. Ca in 0.4 ml. 
4) Scientific Research Institute, Ltd., Tokyo, Japan. 
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Fic. 1. Radioactivity of serum calcium of rat with repeated 
intraperitoneal injections of physiologically carrier-free CaCl], solution. 

Each point consists of seven measurements exclusive of the first 
point that consists of four assays. Each rat was injected 4, 1, 1, 1, . 
weC. of Ca‘ at intervals of thirty minutes, 


The rate of incorporation of calcium into the incisors computed from 
Eq. (1) is shown in lig. 2, With the passage of time, the amount of 
incorporated calcium increases rectilinearly. ‘The values plotted against 
time are the amount of incorporated calcium computed from Eq. (1) 
and each point is the average of the values obtained in lower bilateral 
incisors of indvidual animals. 

Rate ef Physiological Deposition of Calcium to Permanently Growing Incisor 
Tooth—It is difficult, as observed diagramatically in Fig. 3, to measure 
directly the amount of newly formed dental tissue, but the amount of the 
formation of new dental tissue is equal to that of attrition of the tip, 
which was measured with ease as follows: 

Twenty normal rats weighing about 180g. were given intraperi- 
toneal injection of 0.3 ml. of 4 per cent sodium alizarinesulfonate solution. 
They were sacrificed on 17th day after injection of the dye, and bilateral 
lower incisor teeth were removed. Though apical and medial parts 
of the teeth were stained purple by the alizarin dye, the basal part, which 
was formed after the injection, remained colorless. The length of the 
colorless portion, which shows the rate of growth of the incisor tooth, 
was measured under a microscope. The average of the values measured 
along lingual side of the arc of lower incisor was 0.407+0.014 mm.®) 


5) Mean = standard deviation. 
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Fic. 2. Total uptake of labeled calcium by rat incisors through 
both new dental tissue formation and physicochemical exchange de- 
termined on the constant specific activity of serum calcium. 

Each rat was injected with physiologically carrier-free Ca*Cl, 
solution intraperitoneally. Administration of 4 4C. at the first was 
followed by repeated injections of each | «C. at thirty minutes inter- 
vals in order to maintain constant specific activity of serum calcium. 


Fic. 3. Lower incisor of the rat (diagramatical). 
d: Dentin. e: Enamel. p: Pulp. ne: Layer of newly formed 
enamel. nd: Layer of newly formed dentin. ap: Defaced apical 
part. s: Section to be assigned for the analysis of calcium. 


per day: i.¢., 0.0170--0.0006 mm.®) per hour. 
Apical parts of the incisors which do not contain any soft tissue 
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or dental pulp, were cut off as shown in Fig. 3. The length of these 
parts was measured and the quantity of calcium was analysed. The 
average rate of wearing of each incisor during the experiment can be 
calculated from the rate of growth and the amount of calcium against 
unit length of apical part as follows: 


Average rate of wearing of incisal calcium (mg. per hour) 


[amount of Ca in cut part ‘mg.)]x [rate of growth (mm. per hour) ] 2. (2) 
i [length of the cut part (mm.)] 7 


The calculation were made on the individual lower incisors. ‘The 
mean value for 40 incisors (20 rats) was 25.8-++1.15) micrograms per hour 
(0.62-+0.026 mg.®) per day). This value should correspond to the rate 
of the deposition of calcium by the incisal tissue formation. 


DISCUSSION 


Labeled calcium is incorporated into the incisal tissues both by 
physicochemical and physiological means. If specific activity of sur- 
rounding body fluid is constant, uptake of Ca*® by physicochemical 
exchange between dental mineral and body fluid will gradually approach 
the maximum state, as shown in Fig. 4A. In other words, when all 
the exchangeable calcium in dental tissues attains the state of equilibrium 
with serum Ca*, total amount of Ca® in the incisor will no longer in- 
crease by a physicochemical process. ‘This conception is consistent with 
the data of in vitro experiment with pulverized fresh human teeth by 
Underwood and Hodge (9). 

Amount of Ca‘ incorporated into the incisor with new tissue for- 
mation will increase at a constant rate as shown in Fig. 4B. Jn vivo, 
labeled calcium is incorporated into permanently growing incisor tooth 
through two processes, physicochemical exchange and physiological 
deposition. Therefore, time curve of overall uptake of labeled calcium 
by the incisor can be plotted as shown in Fig. 4C. The rate of in- 
corporation of labeled calcium will be the greatest in the initial portion 
of the curve. With passage of time, slope of the curve will gradually 
decrease, and finally takes the same value as the rate of physiological 
deposition attributable to the formation of new tissues. 

As the relation between time and overall uptake of labeled calcium 
is rectilinear in the experiment of Fig. 2, it may be concluded that the 
rate of the incorporation of Ca‘ by physicochemical exchange is not 
apt to decrease in the course of experimental period of 270 minutes. 
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UPTAKE OF Ca BY INCISOR 


TLE 


Fic. 4. Mechanism of deposition of labeled calcium into con- 
tinuously growing incisor tooth. 
A: Deposition by physicochemical exchange. B: Deposition by 
pysiological accretion. (C: Total deposition attributable to both 
processes. 


Therefore, the slope of the line of Fig. 2 shows an average initial rate 
of the overall incorporation of calcium into the lower incisor tooth, i.e. 
44 micrograms per hour. This value is the total of physiological and 
physicochemical incorporation. ‘The rate of physiological incorporation 
of calcium due to tissue formation has been shown in the present study, 
to be 25.8 micrograms per hour. Therefore, the amount of physico- 
chemical exchange may be obtained by subtracting the amount of calci- 
um of newly formed tissue from the total amount of incorporated calcium, 


44—25.8= 18.2 (micrograms per hour) 


Thus, it is concluded that the ratio of physicochemical exchange 
to physiological deposition is 18.2 :25.8=4:6. 

Now it is necessary to consider the possibility of an introduction 
of any unreliable factor into such a conclusion. In histological studies, 
it has been pointed out that the incisors of some rodents seem to show 
periodical excitation in the rate of calcification, placidity in the day 
time and excitement at night (10, 1/, 12). In the experiment of Fig. 
2 the rate of incorporation of labeled calcium was measured in the day 
time. Therefore, whether any difference would exist in the uptake of 
calcum by the incsor of the rat between day and night was examined. 
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Such a histological periodicity is characteristic in the rabbit but is rela- 
tively ambiguous in the albino rat. The data from the experiment are 
tabulated in Table I. To sustain the Ca® level of the blood serum 
constant the rats in the experiment of Figs. 1 and 2 were given 4, 1, 
1,1, 1,1... uC. of Ca® solution at intervals of 30 minutes. Under 
such a condition, a slight fall is observed in specific activity of serum 
calcium 90 minutes after the first injection. Now the rats in Table I 
were administered intraperitoneal injections of 6, 2, 3, 2, 2, 1, 2, 1, 
2, 1, 1, 1, and 1 wC. of CaCl, solutions at intervals of 30 minutes in 
order to correct such a temporary fall of serum’ Ca*® as seen in Fig. 1. 
No significant difference was observed in overall uptake of calcium by 
lower incisor between day and night during 6.5 hours’ experimental 
period, as shown in the 6th column of Table I. 

The average value of the rate of incorporation of calcium into the 
incisor in the said 6th column is 32.3 micrograms per hour. ‘This value 
is less than the one (44 micrograms) in the experiment of Fig. 2. 

However, it may be quite reasonable, since those animals in Table 
I are smaller in body weight than the animals in Fig. 2. The same 
phenomena is also shown in Table I. Though ages of the animals are 
equal, the litter No. 1 are significantly larger both in body weight (at 
0.5 per cent level of significance) and in overall calcium uptake (at 0.5 
per cent level of significance) than the litter No. 2, as seen in the 4th and 
6th columns. A sample correlation coefficient between body weight and 
overall calcium uptake computed from the 4th and 6th columns is 0.96, 
is highly significant (at 0.1 per cent level of significance). Fiducial 
intervals of correlation coefficient in population, p, is obtained as follows : 


0.765< p <0.994 (at 1 per cent level of significance) 


and indicates highly significant correlation between body weight and 
overall calcium uptake by incisor teeth. No difference in ash weight 
of the incisor is observed between these two groups. It may be suggested, 
therefore, though no direct evidence is present that the rate of the dental 
tissue formation, accordingly the rate of the attrition also, would be 
larger in a larger body weight group. 


SUMMARY 


1. Within 4.5 hours’ experimental period, rectilinear relationship 
is observed between time and overall uptake of calcium including physico- 
chemical exhange and physiological accretion by the permanently grow- 
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TasBLeE I 


Comparison of Total Uptaké of Calcium at Night with That in the Day on 
the Constant Specific Activity of Serum Calcium of the Rat 
Each rat was injected with physiologically carrier-free CaCl, 
solution intraperitoneally. Administration of 6 4C. at the first was 
followed by the injections of 2, 3, 2, 2, 1, 2, 1, 2, 1, 1, 1, 1 and 
1 C. at intervals of thirty minutes in order to maintain constant 
specific activity of serum calcium. 


: ; ‘ Uptake of Ca b 
Litter Animal Body Ash weight of P selpaed sth 
og No. No. weight lower incisor OS lor 
during 6.5 hrs. 
a mg. pe. 
23 159 43.6 238 
I 24 154 46.7 234 
Expt. 25 145 45.3 254 
at 
night 26 112 45.9 182 
II 27 112 42.7 166 
28 107 43.6 158 
Mean 132 44.6 205 
1 29 135 42.2 224 
30 159 46.5 242 
Expt. 
in the Ul 32 113 43.6 183 
yeu 33 129 44.6 214 
Mean 134 44.2 216 


ing lower incisor of the rat. 
2. No difference is observed in overall uptake of calcium by the 


incisor between day and night. 
3. In the initial period after the administration of radioactive 


calcium, physicochemical exchange and physiological deposition form, 
respectively, 40 and 60 per cent of the overall incorporation of Ca into 


the lower incisor of the rat. 
4. Correlation between overall uptake of calcium by the incisor 


and body weight of the animals are discussed. 
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A microbiological transformation of cholic acid into a bile acid 
containing «, f-unsaturated ketone group was reported independently 
by Hayakawa (J-3) and Halperin e¢ al. (4). Halperin et al. 
have demonstrated that a degradation product of cholic acid by Nocardia 
sp. was probably 3-keto-4*-cholanic acid derivative and this reaction was 
catalyzed by DPN-linked dehydrogenase. Hayakawa et al. (I-3, 5), 
on the other hand, have separated a new unsaturated C-22 acid of m.p. 
280-282° (decomp.) as an oxidation product of cholic acid by S. gelaticus 
1164, and this C-22 acid has been defined to be 7«-hydroxy-3,12-diketo- 
4‘-bisnorcholenic acid. Though the exact position of one double bond 
remained to be determined, this observation was the first to demon- 
strate a f-oxidation of the side chain of cholic acid by microorganisms. 
In a previous paper (6) of this series, seven species of Streptomyces which 
utilize cholic acid as the sole source of carbon have been selected and 
identified. It then became of interest to expand our studies to the me- 
tabolism of various bile acids by these species. In the present com- 
munication, the following studies were performed : 

1) The best condition of the culture media for the formation of 
the C-22 acid by S. gelaticus 1164; 2) The spectrophotometric analyses 
of the degradation products of cholic acid by the seven species of Strepio- 
myces; 3) Effect of several bile acids other than cholic acid on the 
growth of the seven species of Streptomyces. 


EXPERIMENTAL AND RESULTS 


Effect of Cholate Concentration and Incubation Time on the Formation of 
the C-22 Acid by S. gelaticus 1164—Into the basal mineral medium ( (NH,)>- 


Zul 
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SO, 2.0 g., KsHPO, 1.0g., MgSOy7H2,O 0.5 g., FeCl, 6H,O 0.01 g., 
distilled water 1000 ml.) sodium cholate was added in final concentra- 
tions of 0.05, 0.1, 0.2, 0.3, 0.4 and 0.8 g. per dl., and their pH were 
adjusted to 7.2. Hundred milliliters, each of these media placed 
in 500 ml. Sakaguchi’s flask was autoclaved at 110° for 20 minutes. 
S. gelaticus 1164 from Czapeck’s slant culture (three days’ incubation 
at 27°) was inoculated with a platinic loop in these media. All the six 
flasks were shaken for 20 days at 27° on a reciprocal shaker (120 r.p.m., 
5cm. amplitude). After 3, 4, 5, ... and 22 days’ incubation, an 
aliquot of the culture was centrifuged at 3,000 r.p.m. for one minute. 
The optical density at 246 my of the supernatant fluid was measured 
by Beckman spectrophotometer, type DU II. The C-22 acid showed 
the absorption maximum at 240.3 my in alcohol and at 246 my in water 
within the pH range of 5 to 9, and the optical density of this compound, 
within the range of concentrations likely to be encountered, obeyed the 
Beer’s law. Effect of the cholate concentration and incubation time 
on the formation of the C-22 acid is given in Table I. In order to prove 
the degradation of cholic acid and the production of the C-22 
acid, Pettenkofer’s test and acid precipitation test of the culture 
medium were performed in parallel with the measurement of ultraviolet 
absorption at 246my throughout the incubation period. The data 
are shown in Fig. 1. 

As seen in Table I and Fig. 1, 1) a rapid increase in optical density 
at 246 mw was observed, when the cholate concentration was 0.2 ¢. 
per dl. or less, while at 0.3, 0.4 and 0.8 g. per dl. the optical density in- 
creased more slowly ; 2) the cholate concentration and incubation time 
had no effect on the absolute amount of the C-22 acid formed, and 
about 18.8 to 23.9 per cent of the original cholate was converted into 
the C-22 acid in all the flasks ; 3) the C-22 acid formed in these media 
was gradually degraded, especially at high cholate concentrations ; 4) 
about one half of the amount of the C-22 acid calculated from its mo- 
lecular extinction coefficient was isolated as crystals. This fact suggests 
that the ultraviolet absorption maximum at 246 mw is not only due to 
the C-22 acid but also to some unidentified «, f-unsaturated ketone 
derivatives formed from cholic acid in the culture medium ; 5) Petten- 
kofer’s test and acid precipitation test disappeared in parallel with the 
formation of the C-22 acid ; 6) shaking culture shortened the incubation 


time for the formation of the C-22 acid in about one half of that of a 
stationary culture (/-3). 


Spectrophotometric Analyses of the Degradation Products of Cholic Acid 
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Effect of Cholate Concentration and Incubation Time on the 
Formation of the C-22 Acid by S. gelaticus 1164 


Cholate Incubation time (days) 
concn. 
(g./dl.) 3 4 5 6 7 10 13 20 
0.05 7 24 92 40 16 4 4 8 
(21.2) 
0.1 20 60 192 84 10 13 10 20 
(21.2) | 
0.2 DD 71 364 156 46 4] 39 21 
(20.9) 
0.3 10 39 188 624 376 | 388 280 160 
(23.9) 
0.4 33 51 160 696 468 | 620 | 344 64 
(20.0) 
0.8 D 8 22 41 56 | 616 1310 | 1280 
(18.8) 


The amount of the C-22 acid formed is given y/ml. and per cent of the 
C-22 acid formed to the original cholic acid added is given in parentheses. 


+ + + + ---ACID PRECIPITATION TEST 


+ 


IN MG/ML. 


G=22) ACID 


0° TS 20 A alco 


Ome Omen 2 


+ + + + + — -PETTENKOFERS TEST 


INCUBATION TIME IN DAYS 
Fic. 1. Degradation of cholic acid and production of the C-22 


acid by S. gelaticus 1164. 
(Sodium cholate: 0.3 g./dl.). 
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by the Seven Species of Streptomyces—The degradation products of cholic 
acid by the seven Streptomyces spp. which were confirmed to utilize cholic 
acid as the sole source of carbon in the previous paper (6) were investi- 
gated by the following methods: Dulaney’s mineral solution (6) 
containing 0.1 g. of sodium cholate per dl. was distributed in small test 
tubes, each receiving 2ml., and autoclaved at 110° for 20 minutes. 
Each of the tubes was inoculated with one of the seven Streptomyces spp. 
After stationary incubation for 5 days at 27° in darkness, the culture 
fluid was centrifuged at 3,000 r.p.m. for one minute, and the resulting 
supernatant was divided into two parts after 40-fold dilution. The 
ultraviolet absorption spectra of the one part were measured. All of 
the seven Streptomyces tested gave an absorption peak at 246 my as shown 
in Fig. 2. To the aliquots of the other part was added separately a tenth 
volume of aqueous V NaOH or concentrated hydrochloric acid and 
the mixture was heated in a boiling water bath for ten minutes. After 
chilling, the ultraviolet spectra of each culture were measured. All of 
the seven Streptomyces tested gave an absorption peak at 290 my as shown 
in Figs. 3 and 4. 

As controls, these Streptomyces spp. were cultured in a medium con- 
taining glucose (1.0 g. per dl.) in place of sodium cholate for ten days 
at 27°. The supernatants obtained according to the procedure described 
above showed no absorption peak at 246 my, but showed a peak at 
270 mu in the cases of S. gelaticus 1164, S. flavogriseus, S. californicus and 
S. rubescens. An absorption peak at 240 my was observed only for S. 
halstedii. Such evidences suggest that an absorption peak at 246 mu 
is due to the degradation products of cholic acid in the culture medium. 
Also the shift of AY" by alkali or acid from 246 my to 290 my suggests 
that all of the seven Streptomyces may degrade cholic acid through an 
intermediate having the same chromophore. 

Utilization of Various Kinds of Bile Acids by these Seven Cholic Acid Utilizers 
—Autoclaved Dulaney’s mineral solution (6) was used as a basal 
medium and to the solution were added sodium salts of eleven kinds 
of bile acid. The concentration of these bile salts was made up to 0.1 
per cent and the resulting culture media were sterilized fractionally at 
100°. These media were tubed in I ml. quantity in small test tubes 
and the seven cholic acid utilizers were inoculated trom Czapeck’s 
agar (7 days’ incubation at 27°). The growth of Streptomyces spp. was 
examined for ten days. The results are shown in Table II. 

The position and the number of hydroxyl group and the side chain 
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Fic. 2. Ultraviolet absorption spectra of the culture filtrates (di- 
luted 1:40) obtained after incubation of cholic acid with the seven 
species of Sreptomyces for 5 days at 27°. 


= Xie) SCOULES S| mt No oo On er iDesceliss |) (al aS.) Halsted tes 
=-O=— Sy gelaticus, V164; HE, S. californicus; —O-, S. niéro- 
Sporeus ; -~-@---, S. jflavogriseus; —-a---, 40-fold diluted Dul- 


aney’s mineral solution only. 


length of the various kinds of bile acids played an important role for the 
utilization of bile acid by Streptomyces spp. tested. _Chenodesoxycholate 
and desoxycholate were considered to be toxic against all of the seven 
Streptomyces tested because they showed no growth even when cultivated 
in the medium cotaining glucose (1.0 g. per dl.), and homocholate and 
a-hyodesoxycholate against some of the species, but norcholate had 
no toxicity for all of the seven species. 


DISCUSSION 


Various microbiological transformations of steroids were reviewed 
by Peterson (7), but he did not describe in his review the conversion 
of bile acid by microbes. However, it has been demonstrated that S. 
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OPTICAL DENSITY 


Oe See eer \ n ei 
210 230 250 270 290 310 330 
WAVE LENGTH IN Mu 


Fic. 3. Ultraviolet absorption spectra of the caustic alkali-treated 
culture filtrates (diluted 1:40) obtained after incubation of cholic acid 
with the seven species of Streptomyces for 5 days at 27°. 

See footnotes in Fig. 2. 


gelaticus 1164 is capable of converting cholic acid into a C-22 acid, 
namely, 7«-hydroxy-3,12-diketo-4*-bisnorcholenic acid (1-3,5). The 
C-22 acid shows an ultraviolet absorption maximum at 246 my in water 
and is transformed by treating with caustic alkali or sulfuric acid into 
3,12-diketo-4*%-bisnorcholadienic acid (5) which has an absorption 
maximum at 290 mw in water. 

In the present study six species of Streptomyces were studied in this 
respect along with S. gelaticus 1164. Cultures of all of the seven cholic 
acid utilizers showed an absorption maximum at 246 mu (Fig. 2) and 
their culture supernatants which were heated with caustic alkali or hy- 
drochloric acid indicated an absorption maximum at 290 my (Figs. 
3 and 4). These findings, therefore, indicate that the six cholic acid 


MICROBIOLOGICAL DEGRADATION OF BILE ACIDS.  V TAH 


OPTICAL DENSITY 


210 230 250 ‘270 290 310 330 
WAVE LENGTH IN Mp 
Fic. 4. Ultraviolet absorption spectra of the hydrochloric acid- 
treated culture filtrates (diluted 1:40) obtained after incubation of cholic 
acid with the seven species of Streptomyces for 5 days at 27°. 
See footnotes in Fig. 2. 


utilizers tested are able to degrade cholic acid to an unidentified deriva- 
tive containing an «, f-unsaturated ketone grouping which is probably 
7a-hydroxy-3,12-diketo-4‘-bisnorcholenic acid, and seems to afford a 
substance containing 4+%-3-ketone grouping by treating with alkali or 
acid. 

Gallagher et al. (8) showed that the oxidation of cholic acid by 
chromic acid proceeds most easily at C7, and least at C3. This order 
has been suggested previously by the work of Kaziro et al. (9) and 
Hoehn ¢é al. (10). Haslewood (i//, 12) likewise confirmed this 
finding. On the other hand, Schmidt et al. (13) stated that cholic 
acid added to cultures of a strain of Alcaligenes faecalis or E. colt isolated 
from human faeces, was converted into different ketocholanic acids 
among which they isolated 3,7,12-triketocholanic (dehydrocholic) acid, 
and further they (/4, 15) demonstrated that 3«,12«-dihydroxy-7- 
ketocholanic acid and 3«-hydroxy-7,12-diketocholanic acid were two 
of the intermediate derivatives formed during bacterial oxidation of 
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TasLeE II 


Utilization of Vavrious Kinds of Bile Acids 
by Seven Cholic Acid Utilizers 


Bile acids (sodium salt) Cholic acid utilizers 
™“ 
S 
55 ~ 
A Rie Re 
cy eS ESE 
Name 6 e) Side chain Soe sae "3 
8. ae 8 2s S32 
Be Seecses oo = 
Aa Solel tS SS So 
(=) . . . . . . . 
uO HRAARHRAHH YH 
Tauro-cholate 337,12, || —CH(GH,)-CH5-CH,-CO-= || om rom 2 o) 0) 
NH-CH,-CH,-SO,H 
Glyco-cholate 3,7,12 | -CH(CH,)-CH,-CH,-CO- | 4.5 4 4 4 4 4 
NH-CH,-COOH 
Lithocholate 3 —CH(CH;)-CH,-CH,-GCOOH| 6 - 6 - 5 7 7 
a-Hyodesoxycholate | 3,6 ” = at 
Chenodesoxycholate | 3,7 ” aie ep as eee 
Desoxycholate elle ” Syms a 
Cholate S702 ” 444444 4 
Dehydrocholate — ” ® if ae Gh Se Ge 1S 
Bisnorcholate 3,7,12 | -CH(CH,)-COOH - - 4--+- 5 9 
Norcholate 3,7,12 | -CH(CH;)-CH,-GOOH - - - -- = = 
Homocholate 3,7,12 | -CH(CH,)-CH,-CH,-- =) ee 
CH,-GOOH 


Figures refer to period necessary for positive growth (in days) and minus 
signs mean non-growth. 


cholic acid to dehydrocholic acid. Recently, Hayakawa et al. (16) 
found that 3a,120-dihydroxy-7-ketocholanic acid was formed when 
cholic acid was incubated with a culture of E. coli. These findings are 
of interest, for they show that microbiological oxidation follows the 
same path as chemical oxidation and affords the 3«,12«-dihydroxy-7- 
keto acid, the 3«-hydroxy-7,12-diketo acid, and finally dehydrocholic 
acid, namely, the order of oxidation of the hydroxyl groups in cholic 
acid is Cy>Cyy>C3. 

The formation of 7«-hydroxy-3,12-diketo-4*bisnorcholenic acid 
from cholic acid by S. gelaticus 1164 and the data as seen in Figs. 2, 3 
and 4 may suggest two possible pathways in the microbial oxidation of 
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cholic acid. 

1) Cholic acid —> 34,12«-Dihydroxy-7-ketocholanic acid > 3x- 
Hydroxy-7,12-diketocholanic acid — 3,7,12-Triketocholanic (Dehydro- 
cholic) acid > 

2) Cholic acid + 3«,7«-Dihydroxy-12-ketocholanic acid (or 7«,- 
12«-Dihydroxy-3-ketocholanic acid) —> 7a-Hydroxy-3,12-diketocholanic 
acid... + (?) . . . — 7a-Hydroxy-3,12-diketo-4‘-bisnorcholenic 
acid —> 

The first pathway is the above-described Alcaligenes faecalis or E. 
coli type and is the same as observed in the chemical oxidation by 
chromic acid. The second pathway is postulated for our Streptomyces 
type but the chemical oxidation of this type is not yet known. However, 
it is well known that in Oppenauer oxidation of bile acid the first step 
of the oxidation of the secondary hydroxyl groups in cholic acid (17) 
or desoxycholic acid (18, 19) is not at Cy or Cy but at C;, and also 
that the oxidation product of methyl cholate by potassium permanganate 
is not methyl 3a-hydroxy-7,12-diketocholanate but methyl 12«-hy- 
droxy-3,7-diketocholanate (20). .Such evidences suggest the presence 
of the second oxidative pathway of cholic acid by microorganisms. 

In our experiments, the (axial) 7«-hydroxyl group in cholic acid 
is not attacked even after the f-oxidation of a side chain of it. This 
finding indicates that the first oxidation product of cholic acid by S. 
gelaticus 1164 may be either 3«,7«-dihydroxy-12-ketocholanic acid 
or 7«,12«-dihydroxy-3-ketocholanic acid. Also it is known that the 
3a-hydroxyl group in cholic acid is an equatorial bond and the 12¢- 
hydroxyl group is an axial bond. Furthermore, Magasanik ef al. 
(21) has discovered a most interesting correlation between the con- 
formations of cyclitols and their liability to oxidation by Acetobacter 
suboxidans and stated that only axial hydroxyl groups were oxidized. On 
the basis of these evidences, it is tentatively suggested that the first step 
of the oxidation of cholic acid in the second pathway is 3«,7«-dihy- 
droxy-12-ketocholanic acid. While, as well as Oppenauer oxidation 
(17-19) and permanganate oxidation (20) it may be suggested that 7«, 
12«-dihydroxy-3-ketocholanic acid is the first mirobial oxidation product 
from cholic acid in the second pathway. In both cases, the second oxi- 
dation product is probably 7«-hydroxy-3,12-diketocholanic acid and 
its 7a-hydroxyl group seems to be intact until f-oxidation of the side 


chain of this acid occurs. ; ' 
Therefore, such observations suggest that an intermediate con- 


taining 7a-hydroxyl group or 7%-hydroxy-3-keto-4*-ene grouping plays 


720 Y. SABURI, S. HAYAKAWA, T. FUJII AND I. AKAEDA 


an important role for the degradation of cholic acid by our seven 
Streptomyces spp. In order to confirm this pathway by Streptomyces, the 
isolation of the intermediate derivatives formed during the oxidation of 
cholic acid to 7a-hydroxy-3,12-diketo-4*-bisnorcholenic acid is under 
way. The expected intermediates, namely, 7«,12«-dihydroxy-3- 
ketocholanic acid, 3«,7«-dihydroxy-12-ketocholanic acid, 7«-hydroxy- 
3,12-diketocholanic acid and some unidentified substances have been 
isolated from the culture filtrate obtained after incubation of cholic acid 
with S$. gelaticus 1164. These data will be reported in elsewhere (22). 


SUMMARY 


1. The culture conditions for the formation of a new unsaturated 
C-22 acid (presumably 7«-hydroxy-3,12-diketo-4‘-bisnorcholenic acid) 
from cholic acid by S. gelaticus 1164 were investigated by shake bottle 
culture. 

2. All of the seven Streptomyces spp. which were identified in the 
previous paper (6) degraded cholic acid through an intermediate con- 
taining 7a-hydroxy-3-keto-4!-ene grouping. This fact was confirmed 
through the spectrophotometric analyses of the cultures. 

3. Ability of the above seven Streptomyces spp. to utilize the various 
kinds of bile acids was investigated and it was found that the bile acids 
containing three functional groups at C3, C7 and Cy were utilized except 
norcholic and homocholic acids. This fact suggests that the utilization 
of bile acids by Streptomyces is dependent on both the nucleus constitution 
and the length of side chains of bile acid. 

4, An oxidative pathway of cholic acid by Streptomyces was discussed. 


The authors express their hearty thanks to Prof. T. Shimizu and Prof. S.Mizu- 
hara for their kind guidances. 
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In the previous papers (/—3), it was demonstrated that a new unsatu- 
rated C-22 acid of m.p. 280-282° (decomp.) was obtained from cholic 
acid by the action of S. gelaticus 1164. The new compound was pre- 
sumed to be 7a-hydroxy-3,12-diketo-4+9!)-bisnorcholadienic acid, 
but there was no definite proof on the positions of the two double bonds 
in the cholane nucleus. Recently the ultraviolet and infrared absorption 
characteristics of the new compound and a degradation product of it 
were investigated, and the results obtained showed that the new acid 
may be 7x-hydroxy-3,12-diketo-4‘-bisnorcholenic acid. 


EXPERIMENTAL 


Acid with M. P. 280-282° (Decomp.) and Its 
Methyl Ester 
Sodium cholate (0.3 g./dl.) was incubated with S$. gelaticus 1164 
by a shaking culture as described in the previous paper (4), and the 
new acid of m. p. 280-282° (decomp.) was isolated by the same method 
as described in the first paper (1) of this series. The infrared spectrum 
(Fig. 1-A) of this acid showed the absorption bands (in Nujol) at the 
following wavelengths: 3.00, 5.83, 6.05, 6.21 and 6.25. As this 
acid was insoluble in chloroform, the measurement of the infrared spec- 
trum in chloroform was impossible. The infrared spectrum (Fig. 1-B) 
of the methyl ester, m.p. 244-246° (decomp.), of this acid (J) showed 
the following absorption bands (in Nujol): 2.99, 5.75, 5.87, 5.99, 6.175 
and 6.24 wu. 
Dehydration Product of the Above Acid and Its 
Methyl Ester 


Formation of Acid by Caustic Alkali—Four hundred and eighty milli- 
(22 
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grams of the methyl ester, m. p. 244-246° (decomp.), was dissolved in 
100 ml. of warm methanol. To this solution 4.5 g. of potassium hy- 
droxide dissolved in 50 ml. of water was added and the mixture was 
refluxed on a boiling water bath for 6 hours. The resulting deep red- 
brown solution was cooled, neutralized with dilute hydrochloric acid, 
concentrated in vacuum to about 40 ml. and acidified by dropwise ad- 
dition of dilute hydrochloric acid. After cooling, the crystalline precipi- 
tate was collected and washed. Crystallization from ethyl acetate gave 
150 mg. of yellow needles, m. p. 240-250° (decomp.). Twice recrystalli- 
zations from acetone gave pale yellow needles sintering at 240° and 
melting at 250-252° with decomposition, 4%, 280.5 mu (log ¢ 4.43). 
The infrared spectrum (Fig. 1-C) of this acid for carboxyl and ketone 
groups showed the following two bands (in Nujol): 5.805 and 5.88 w, 
and there was no hydroxyl band. Furthermore, the spectrum (in Nujol) 
for 4+5-3-ketone group in this acid showed only two bands (6.11 and 
6.19 w) and an absorption at around 6.3 uw was not clear, but showed 
characteristic 4*°-3-ketone absorption at the fingerprint region. 

Analysis. 

Calcd} for @p,H>.Oye Cy 74.135) A, 97,92. 
Found (G59 74-03") Hensals: 

The dienone acid above obtained was also obtained by refluxing 
the above original acid, m. p. 280-282° (decomp.), with aqueous caustic 
alkali. The saponification and dehydration of the methyl ester, m. p. 
244-246° (decomp.), by alcoholic potassium carbonate was incomplete 
in one hour and gave a mixture of this dienone acid, m. p. 250-252° 
(decomp.), and the unsaponified original ester. 

The methyl ester of this dienone acid, prepared by esterification 
with diazomethane in ether by the usual method, was crystallized from 
methanol in pale yellow, prismatic needles, m. p. 182-184° without 
decomposition, 12, 280.5 mu (log e 4.45). The infrared spectrum 
showed the following absorption bands (in Nujol): ester and ketone, 
5.79 and 5.84 4; 4*5-3-ketone ; 6.04, 6.18 and 6.33 uw. This spectrum 
(Fig. 1-D) showed no hydroxyl absorption, but characteristic 446-3- 
ketone absorption both at around 6 yu and at the fingerprint region. 

Analysis. 

Clacd. for C,,H,,0;: C, 74.56; H, 8.16. 
Found: C, 74.49; H, 8.30. 


Formation of Ester by Sulfuric Acid—A suspension of 200 mg. of the 
C-22 acid, m. p. 280-282° (decomp.), in 4 ml. of methanol containing 
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two drops of concentrated sulfuric acid was refluxed on a boiling water 
bath for 30 minutes. Soon the acid dissolved into the reaction mixture. 
The resulting green solution was diluted with dilute sodium bicarbonate 
solution and the crystalline precipitate which was separated on standing, 
was collected, washed with water and dried. The filtrate and washings 
were combined and stored for the later experiment. Crystallization 
of the dried precipitate from ethyl acetate afforded 70 mg. of pale yellow 
needles of m. p. 179-181°. This methyl ester gave no depression of 
melting point with the methyl ester, m. p. 182—184°, of the dienone acid, 
m. p. 250-252° (decomp.), obtained from the C-22 acid by refluxing with 
methanolic potassium hydroxide and further an identification of the 
both esters was confirmed by infrared spectrum. 
Analysis. 
Calcd. for Cy;H3,O,: C, 74.56; H, 8.16. 
Found: C, 74.46; H, 8.53: 


The combined filtrates were acidified with dilute hydrochloric 
acid and kept at O° for several hours. The resulting precipitate was 
collected, washed with a small volume of water and dried. Crystalli- 
zation of the dried substance from acetone gave 12 mg. of pale yellow 
needles sintering at 240° and melting at 249-251° with decomposition. 
This acid gave no depression of melting point with the acid, m. p. 250- 
252° (decomp.), obtained from the C-22 acid with potassium hydroxide 
and infrared analysis confirmed the identity of these acids. 

Analysis. 

Opileck, sie Chala (Ons (O, geailse Isl, 78y- 
Found: C, 74.44; H, 8.18. 

For this dehydration reaction which was catalyzed with proton, 
the following procedure was adopted and the same result as described 
above was obtained. A suspension of 100mg. of methyl ester, m. p. 
244-246° (decomp.), of the C-22 acid in 5 ml. of methanol containing 
three drops of concentrated sulfuric acid was left to stand at room 
temperature. The ester dissolved into the reaction mixture within 
24 hours. After four days, the solution was diluted with dilute sodium 
bicarbonate solution and the crystalline precipitate was collected, 
washed with water and dried. By acidifying the filtrate and washings 
no precipitate occurred. Crystallization of the dried substance afforded 
80 mg. of colorless needles of m.p. 181-183°. This ester gave no 
depression of melting point with the ester obtained from the C-22 acid 
by sulfuric acid or potassium hydroxide and infrared analysis confirmed 
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the identity of the three esters. 


Analysis. 
Caled stor @y,H,,©,2) 1G;) 742003. biees be 
Found: C, 74.46; H, 8.37. 


Infrared Spectra 


The infrared spectra of this experiment were measured kindly by 
Mr. Y. Matsui of Research Laboratory, Shionogi & Co., Ltd. with 
a Perkin-Elmer Spectrophotometer, model 12 C. 
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Fic. 1. Infrared spectra in Nujol mull: A; C-22 acid, B; methyl 
ester of the C-22 acid, C; dehydration product (acid) of the C-22 acid, 
D; dehydration product (methyl ester) of the C-22 acid, E; 3,12- 
diketo-44,6-choladienic acid (synthetic sample), F; methyl 3,12- 
diketo-44,6-choladienate (synthetic sample). 
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DISCUSSION 


Ultraviolet absorption analysis played an important role in sub- 
stantiating the structures of steroids. Dorfman (5) in a noteworthy 
paper on the ultraviolet absorption spectra of steroids states that a A. 
3-ketone generally absorbs selectively at 241 my with an average molecu- 
Jar extinction coefficient of 16,600 (¢.g., methyl 12«-hydroxy-3-keto- 


alc. 


4'-bisnorcholenate, Angx. 241 mu, e 14,000), whereas a 49"1)-12-ketone 
absorbs selectively at 240 my with an average molecular extinction 
coefficient of 11,200 (e. g., methyl 3a-hydroxy-12-keto-49"1)-cholenate, 
jie 240 mu, ¢ 12,000). Further, it is well known that 4*16-pregna- 


Amax. 

diene-3,20-dione (6) which contains two isolated «, 6-unsaturated ketonic 
chromophores, namely, 4'-3-ketone and 4'6-20-ketone absorbs selectively 
at 241 my, with a molecular extinction coefficient of 25,200. 

As described in the previous papers (/-3), the new unsaturated 
C-22 acid, m. p. 280--282° (decomp.), was presumed to be 7«-hydroxy- 
3,12-diketo-4+9"!)-bisnorcholadienic acid and the ultraviolet absorp- 
tion spectrum of the acid showed a maximum at 240.3 my (e 11,500) 
in alcoho]. The presence of a bile acid containing two chromophores 
of 4!-3-ketone and 49"!!)-12-ketone is not yet known, but the molecular 
extinction coefficient of the C-22 acid is about half compared with that 
of 44!6-pregnadiene-3,20-dione which has two chromophores in the 
molecule. Thus the 44941!)-3,12-diketone structure postulated for the 
C-22 acid is now doubtful. So the infrared absorption spectra of this 
acid and its methyl ester were determined in order to confirm the pre- 
sence of two chrompophores of 4°-3-ketone and 4% 1)-12-ketone in 
these molecules. The spectrum (Fig. 1-A) of the acid showed the follow- 
ing absorption bands: hydroxyl, 3.00 4; carboxyl and six-membered 
cyclic ketone, 5.83 w; conjugated ketone, 6.05 w; conjugated double 
bond, 6.21 and 6.25 w, and the spectrum (Fig. 1-B) of the methyl ester 
showed the following absorption bands which is similar to the original 
acid: hydroxyl, 2.99 w; ester and ketone, 5.75 and 5.87 w; conjugated 
ketone, 5.99 4; conjugated double bond, 6.175 and 6.24u. The 
band systems centered around 6 wu of both acid and methyl ester indicated 
the presence of a non-conjugated ketone in those molecules and displayed 
bands at approximately 6.00, 6.17 and 6.24 ju, this triad being character- 
istic of the 4!4-3-ketone grouping (7, 8). So the possibility of the struc- 
ture of 449(1).312-diketone postulated previously for the C-22 acid 


was eliminated. 
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From a consideration of the above-stated absorption characteristic 
it seems most reasonable to conclude that the C-22 acid is 7a-hydroxy- 
3,12-diketo-4!4-bisnorcholadienic acid, because it was confirmed syn- 
thetically (3) that the hydrogenated C-22 acid was 7«-hydroxy-3,12- 
diketobisnorcholanic acid. Recently, Jones et al. (9) reported the in- 
frared spectra of keto-steroids at the region of longer wave length (7- 
15 4). The band systems at the fingerprint region of the C-22 acid 
and its methyl ester as shown in Fig. 1-A and 1-B does not coincide with 
the band systems of various 4!4-3-keto-steroids examined by Jones 
et al. (9), but that resemble with the spectrum of 4*-3-ketone rather than 
that of J!4-3-ketone. Further, since a partial synthesis of 7¢-hydroxy- 
3,12-diketo-4!4-bisnorcholadienic acid from cholic acid is rather 
cumbersome, it was thought advisable to investigate a degradation pro- 
duct of this C-22 acid for establishing a constitution of the C-22 acid. 

Fieser e¢ al. (10) reported that methyl 3a,7«-diacetoxy-12-keto- 
4°“1)-cholenate affords 3a-hydroxy-12-keto-479"")-choladienic acid 
by heating with caustic alkali and stated that the facile dehydration 
reaction of C,«-hydroxyl (or acetoxyl) with Cg-hydrogen atom is attri- 
butable to activation of the Cs-hydrogen atom by 9,11-double bond. 
Also Greenhalgh e¢ al. (11) reported that the only product isolated 
from the hydrolysis of 7a«-hydropyranyloxy-4‘-cholestene-3-one was 
4*8-choiestadiene-3-one, the 7«-hydroxy-4‘-cholestene-3-one, presuma- 
bly formed initially, having undergone dehydration in the acidic medium. 
These dehydration reactions were applied for the elimination of the 
C,«-hydroxyl groups of the C-22 acid and its methyl ester, and the 
dehydration products were examined. The dehydration product of 
the C-22 acid and its methyl ester by caustic alkali was obtained in cry- 
stalline form, and the data of the microanalysis gave a formula Cs:HogO,, 
its ultraviolet absorption spectrum showed the maximum at 280.5 mu 
(log e 4.43), as exhibited by 4*°-3-ketones and the infrared spectrum 
(Fig. 1-C) showed characteristic 445-3-ketone absorption although an 
absorption at around 6.3 ~ was not clear. Furthermore, the methyl 
ester of the above-described dehydration product by alkali was identical 
with the methyl esters obtained from the C-22 acid and its methyl ester 
through the dehydration reaction by sulfuric acid and the both esters 
coincided with a formula C3H39Q4, its ultraviolet absorption spectrum 
showed a maximum at 280.5 my (log e 4.45) and the infrared spectrum 
showed the following characteristic 4‘6-3-ketone absorption both at 
around 6 w and at fingerprint region as described in Fig. 1-D: ester and 
Cie-ketone, 5.79 and 5.844; 446-3-ketone, 6.04, 6.18 and 6.33 LM. 
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From these microanalysis data and ultraviolet and infrared absorption 
characteristics (5, 8, 12), it was suggested that the 7«-hydroxyl group 
in the C-22 acid was easily dehydrated to occur 3,12-diketo-41%-bisnor- 
choladienic acid by catalytic action of hydroxyl ion or proton. In order 
to confirm the presence of 41%-3,12-diketone group in the dehydration 
product, 3,12-diketo-4**®-choladienic acid and its methyl ester were 
prepared from cholic acid (13), and the infrared absorption spectra 
(Fig. 1-E and 1-F) of the compounds were determined. The com- 
parison with the absorption spectra of the dehydration products of the 
C-22 acid and its methyl ester and that of the authentic 3,12-diketo- 
4*8-choladienic acid and its methyl ester indicated that 4*°-3-ketone 
group is present in the dehydration product. So the posibility of the 
structure of 4!4-3,12-diketone postulated above for the C-22 acid was 
eliminated. 

In view of the above-stated facts the most reasonable conclusion to 
be drawn from available data is that the new unsaturated C-22 acid is 
7a-hydroxy-3, 12-diketo-4‘-bisnorcholenic acid and 7«-hydroxyl group 
in the acid is probably dehydrated to produce 3,12-diketo-4**-bisnor- 
choladienic acid by the action of caustic alkali or sulfuric acid as shown 
in the following Fig. 2. 


COOH 


CcOooH i 
S. gelaticus: 
HO” “OH 1164 
i : 7a ~Hydroxy-3,12-diketo- 
Cholic acid 3, 12-Diketo-#?°~ 


4 
4 -bisnorcholenic acid 
bisnorcholadienic acid 
(C22 Acic\ 


Fic. 2. Formation of the C-22 acid from cholic acid by S. 


gelaticus 1164 and dehydration of the C-22 acid by caustic alkali or 
sulfuric acid. 


SUMMARY 


S. gelaticus 1164 converts cholic acid to a new unsaturated C-22 
acid with m. p. 280-282° (decomp.) which was previously postulated 
as 7a-hydroxy-3,12-diketo-419“!)-bisnorcholadienic acid. Further in- 
vestigations demonstrated that the new acid may be 7a-hydroxy- 
3,12-diketo-4‘-bisnorcholenic acid. 
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In a previous paper (J), it was pointed out that the acid with m.p. 
280-282° (decomp.) transformed from cholic acid by the action of S. 
gelaticus 1164 appears to produce 3,12-diketo-4+%-bisnorcholadienic 
acid, CosH.sO.4, by treating with caustic alkali or mineral acid It is 
thought advisable to synthesize a bile acid having a 44%-3,12-diketone 
group for a comparison of the newly obtained bisnor-dienone acid with 
a known J*+8-3,12-diketo-bile acid, so the present report is designed to 
yield information on the partial synthesis of 3,12-diketo-4**°-choladienic 
acid, CogH3.O4, and its derivatives from cholic acid as described in the 
following chart. 

The newly prepared 3,12-diketo-4'°-choladienic acid and _ its 
methyl ester were applied to assume that the new acid with m. p. 280- 


Il. III 
HO 0 
i COOR M CcOOR 
KOH Ker, 
07 07 
Iva, R=H Va, R=H 
Ivb, R=CHg Vb, R=CH, 


fol 
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282° (decomp.) obtained from cholic acid through microbiological de- 
gradation is 7«-hydroxy-3,12-diketo-4*-bisnorcholenic acid as described 
in a previous paper (J). 


EXPERIMENTAL 


3-Keto-4 €-bromo-7«,12a-diacetoxycholanic Acid (I)—This compound 
of m. p. 207-209° (decomp.) was prepared from cholic acid by a pro- 
cedure similar to that described by Matsumoto (2) and used for the 
next step without further purification. 

3-Keto-12a-acetoxy-48-choladienic Acid (I11)—The following  pro- 
cedure modified from the method of Matsumoto (2) was adopted: 
Ten g. of bromo-compound I was dissolved in 100 ml. of dry pryidine 
and refluxed for 15 hours on a sand bath. The orange reaction mixture 
was concentrated in vacuum to about one-half of the initial volume and 
poured into about 500 ml. of water. The resulting cloudy solution was 
acidified with dilute hydrochloric acid and extracted with an acetic ester 
—alcohol mixture (5:1). The acetic ester layer was separated, washed 
with water, dried over anhydrous sodium sulfate and concentrated, 
giving pale yellow needles which was filtered and washed with acetic 
ester, yield 1.6 g., m. p. 210-212°. Two recrystallizations from methanol 


gave a laminar and almost colorless crystal melting at 211-213°, eS 
283 mu (log ¢ 4.42). The infrared spectrum showed the following 
absorption bands (in Nujol): acetate ester and carboxyl, 5.755 and 
5.79 uw; A*§-3-ketone, 6.11, 6.21 and 6.30 yw. 
Analysis. 
Calcd. for Cy,g,H;,0;: C, 72.86; H, 8.47. 
Pound: @ie/ 3.35mi 00s 

This compound was described as 3-keto-12«-acetoxy-447-choladie- 
nic acid of m. p. 212° by Matsumoto (2). 

The methyl ester of NZ was prepared with diazomethane and cry- 
stallized from acetic ester—petroleum ether, in almost colorless prisms, 
m. p. 150-151.5°, 2%. 283 my (log ¢ 4.42). The infrared spectrum 
of this ester showed the following absorption bands (in Nujol) : acetate 
ester and methyl ester, 5.76 and 5.79 w; 4*®-3-ketone, 6.04, 6.185 and 
6.31 uw. 

Analysis. 

Calcd. for CyyH,,0;: C, 73.27; H, 8.65. 
Ioyomnls (Cl, PSS IEl, B7O) 
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3-Keto-124-hydroxy-A'®-choladienic Acid (IVa)—A mixture of 2¢. 
of the dienone acetate (III) and 2 g. of potassium hydroxide in 40 ml. 
of water was refluxed for two hours on a sand bathand the yellow solution 
was cooled and acidified by dropwise addition of dilute hydrocholric 
acid. After cooling, semicrystalline dienone acid was collected and 
washed with water. After drying, crystallization from alcohol gave 
1.5 g. of pale yellow, prismatic needles, m. p. 252-254° and J. 284.5 
my (log ¢ 4.42). 

Analysis. 

Calcd. for CosH,0,: C, 74.57; H, 8.87. 
Found: C, 74.66; H, 9.02. 

The methyl ester IVb of IVa was prepared with diazomethane and 
crystallized from methanol, in pale yellow, prismatic needles, m. p. 
184-185.5° and J 284 my (log ¢ 4.42). The infrared spectrum show- 
ed the following absorption bands (in Nujol): hydroxyl, 2.845 pw; 
methyl ester, 5.82 4; d4*®-3-ketone, 6.01, 6.19 and 6.34 uw. 

Analysis. 


Calcd. for C,;H.,0,: C. 74.96; H, 9.06, 
Found: C, 74.52; H, 8.73. 


Saponification with potassium carbonate in aqueous alcohol of this 
yalc. 


ester afforded the parent dienone acid with m.p. 253-255° and 73%. 
284.5 mu (log e 4.42) without any rearrangement. 

Methyl 3,12-Diketo-4+8-choladienate (Vb)—A solution of 320mg. of 
potassium chromate in | ml. of water was added to solution of 500 mg. 
of the dienone ester IVb in 20 ml. of glacial acetic acid and the solution 
was let stand at room temperature (about 27°) for 14 hours and then 
diluted with 70 ml. of water. The crystalline precipitate on crystalli- 
zation from alcohol afforded 350 mg. of light yellow prisms, m. p. 173- 
175°. Repeated crystallization from methanol gave almost colorless 
prismatic needles, m. p. 174-175°, 42%. 280.5 mu (loge 4.37). The 
infrared spectrum showed absorption bands (in Nujol) as follows : methyl 
ester and Cyo-ketone, 5.82 and 5.85 4; 4*%-3-ketone, 6.01, 6.19 and 
O31: 

3. 12-Diketondacholadienie Acid (Va) from IVa—To a solution of 
200 mg. of the dienone acid IVa in 18 ml. of glacial acetic acid was 
added a solution of 130 mg. of potassium chromate in 0.5 ml. of water 
and the mixture was let stand at room temperature (about 27°) for 20 
hours and diluted with water. The crystalline precipitate on crystalli- 
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zation from acetic ester afforded 140 mg. of colorless product sintering 
at 200° and melting at 206-208°. Two crystallizations from alcohol 


—petroleum ether gave colorless prisms, m. p. 206-208", lon OB Wim 


(log ¢ 4.40). The infrared spectrum showed absorption bands (in Nujol) 
as follows ; carboxyl and Cjs-ketone, 5.79 and 5.87 w; d*®-ketone, 6.11, 
6.23 and 6.34 wu. 

Analysis. 

Calcd. for Co,Hy0,: C, 74.97; H, 8.39. 
Found: Gy 752137) EG49- 

The methyl ester Vb was obtained by the reaction with diazomethane 
on a solution of the above acid Wa in methanol and crystallized from 
methanol; m.p. 175-177°, 22%, 280.5 mu (log ¢ 4.37) without de- 
pression on admixture with Wb derived from IVb. 

Analysis. 


Calcd. for CosH,4O4: C, 75.34; H, 8.60. 
Found: CG, 75.14; H, 8.69. 


3,12-Diketo-4+%-choladienic Acid (Va) from Vb—Two hundred mg. 
of methyl 3,12-diketo-4+%-choladienate Vb obtained from IVb was 
refluxed for two hours with 300 mg. of potassium carbonate in 30 ml. 
of alcohol and 15 ml. of water. The resulting yellow solution was 
concentrated in vacuum to about 15 ml., diluted with 15 ml. of water 
and acidified with dilute hydrochloric acid. The resultant precipitate 
was filtered, washed and dried. Crystallization from alcohol—petro- 
leum ether gave 100 mg. of acid, m. p. 206-208°, 77%" 281 my (log ¢ 
4,40). A mixed m. p. with Wa derived from IVa showed no depression. 

Analysis. 


Caled. for C,,Hy,0,: C, 74.97; H, 8.39. 
Found) (975.0358. fils 


DISCUSSION 


Matsumoto (2) reported that 3-keto-12«-acetoxy-4!7-choladie- 
nic acid was obtained from 3-keto-4¢-bromo-7a,12«-diacetoxycholanic 
acid (I) by dehydrobromination in boiling pyridine. In the course 
of this reaction, the authors found that the expected dehydrobromination 
product, 3-keto-7%,12%-diacetoxy-4+-cholenic acid (IZ), was not ob- 
tained but an acid containing two double bonds was obtained and the 
maximum of the ultraviolet absorption spectrum of the dehydrobromi- 
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nation product of I was 283 my (log ¢ 4.42). From the consideration 
of the data on the ultraviolet spectrum (3, 4) and the microcombution 
data it seems most reasonable to conclude that I is dehydrobrominated 
into an intermediate (II) by pyridine, the newly introduced 4,5-double 
bond activates the C,g-hydrogen atoms and elimination of the elements 
of acetic acid from the (axial) C$-hydrogen atom and the (axial) Cyx- 
acetoxyl group in II proceeds to form a dienone acid IM. So the newly 
introduced two double bonds must be at the 4,5- and 6,7-positions, as 
in HWZ. ‘This structure is consistent with the presence in the spectrum 
of an intense absorption band at 283 my, since the maximum calcu- 
lated (3, 4) for THE from available analogs is 280 mu. As reported by 
Matsumoto (2), if it was presumed that the dienone acid HII will 
be 3-keto-12«-acetoxy-4*7-choladienic acid, which must show a 
maximum at about 237-238 my in the absorption spectrum (4, 5). The 
dienone acid IE and its methyl ester exhibited infrared absorption spectra 
at 6.11, 6.21 and 6.30 uw (in Nujol) and 6.04, 6.185 and 6.31 j (in Nujol), 
respectively. This observation conforms with the generalization that 
448-3-keto-steroids exhibit the absorption maxima at 5.99-6.00, 6.175- 
6.19 and 6.30 u (in CHCl,) (6). These data on the ultraviolet and 
infrared absorption spectra show that the dehydrobromination product 
WWI of I with pyridine is 3-keto-12«-acetoxy-41®-choladienic acid and 
that the possibility of the formation of Matsumoto’s acid (2), 3-keto- 
12%-acetoxy-4+7-choladienic acid, from I is eliminated completely. 
The compounds, IVa, IVb, Va and Vb were prepared from III 
by the usual manner. As described in the experimental part, the ul- 
violet and infrared absorption characterstics found for them indicated 
that in the course of Vb from III, any rearrangement of the two double 
bonds in III was not occurred, supporting the assigned structures. 
The present investigation, further, appeared of interest for the 
following experimental evidence. During the continuation of our 
survery of the intermediate metabolism of bile acids by Streptomyces, a 
new intermediate product of cholic acid was separated recently as methyl 
ester. The new ester was identical with methyl 3,12-diketo-4+%-chola- 


dienate prepared here (7). 


SUMMARY 


1. The identification of the dehydrobromination product of 3- 
keto-4é-bromo-7«,12«-diacetoxycholanic acid with pyridine was at- 
tempted and it was shown that the product having the dienone group- 


736 S. HAYAKAWA, Y. SABURI, T. FUJII AND Y. SONODA 


ing is 3-keto-12«-acetoxy-4'®-choladienic acid and it is not in the 
structure of 447-3-ketone reported by Matsumoto (2). 

2. The partial syntheses of 3,12-diketo-4*8-choladienic acid and 
its derivatives from cholic acid were described, and these compounds 
were used to confirm the structure of the various intermediates of cholic 
acid obtained through the action of S. gelaticus 1164. 
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LETTERS TO THE EDITORS 


The Journal of Biochemistry, Vol. 43, No. 5, 1956 


HALF CYSTINE, AN ADDITIONAL N-TERMINAL 
GROUP OF SERUM ALBUMIN 


Sirs : 

The application of the usual dinitrophenyl (DNP) or phenylthio- 
carbamyl (PTC) method on serum albumin was reported to have given 
only one aspartic acid residue as the N-terminal group (/, 2, 3), and 
the V- and C-terminal sequences were examined on the assumption that 
the protein consists of one peptide chain (3, 4). Some evidences, how- 
ever, have now been obtained that one amino group of the cystine re- 
sidues is free, together with one of the aspartic acid residues in equine 
serum albumin. The ether extract of the acid hydrolysate of DNP- 
serum albumin (12 N HCl, 37°, 10 days) gave a brownish unidentifiable 
spot on a paper chromatogram, together with three main spots of DNP- 
aspartic acid, DNP-aspartylalanine and DNP-aspartylalanyl-X (3). 
The chromatographic behaviour on paper (developed with benzyl alco- 
hol-ethanol-phthalate buffer and toluene system) and the absorption 
spectrum (a broad maximum near 400 my), instead of a sharp peak at 
355-360 mu) of the brown spot agreed perfectly with those for the acid 
decomposition product of mono-DNP-cystine residue in DNP-chymo- 
trypsinogen reported by Bettelheim (J). 

When the DNP-serum albumin was previously treated with per- 
formic acid by the method of Schram (6), the brown spot disappeared 
and a DNP-amino acid was newly detected in the hydrolysate, which 
was identified as DNP-cysteic acid by paper chromatography (n-butanol 
saturated with 0.5 per cent ammonia aq., Rf=0; phenol-water (4:1), 
Rf=0.50; n-butanol-acetic acid-water (4:1:3), Rf=0.35). Fig. 1 
shows the amount of DNP-cysteic and -aspartic acids in the various hy- 
drolysate of the oxidized DNP-protein, which were estimated in the 
following manner. After previous fractionation of the hydrolysate 
through columns of Amberlite IR-112 (Na* form) and talc, the non- 
basic DNP derivatives were chromatographed on a filter paper and the 
eluent of each spot with water was submitted to photometric determi- 
nation at 350 my and 360 mu. 

The application of the usual PTC method (3, 7) on the performic 
acid-treated serum albumin (6, 8) gave phenylthiohydantoin (PTH) 


(eel 


738 LETTERS TO THE EDITORS 


oy 
=~ 
Oe ass 
= 
~ 


0 5 10 hrs 
—-Time of hydrolysis (6. N HCl, 110°) 
Fic. 1. The amount of DNP-cysteic (A) and -aspartic (QO) acids 
in the various hydrolysate of the oxidized DNP-serum albumin. 
* The decomposition of DNP-amino acid during the hydrolysis 
and the yield of oxidation of DNP-cystine to DNP-cysteic acid (6, @) 
were not corrected. 


—+Mole DNP-amino acid*/mole protein 
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of aspartic and cysteic acids, which were identified by paper chromato- 
graphy. The alcoholic extract of the cyclized reaction mixture (7) 
was developed with n-butanol saturated with 1/10 citrate buffer (pH= 
4.2) and colored with iodine-azide reaction (PTH-Asp Rf=0.85, PTH- 
CySO;H, Rf=0.30). 

The above-mentioned results suggest that serum albumin possesses 
two V-terminal groups, aspartic acid and half cystine, the latter of which 
has not been detected by the usual DNP or PTC method on the un- 
oxidized protein and that the results of Thompson on the N-terminal 
sequence (3) and of White on the C-terminal one (4) necessiate further 
investigation based upon that the protein has two peptide chains. 
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